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most valuable paper on the subject of * Russian 
Pe lery in 1888,” by Ca tain C. A. Court, of the Rifle 


attent 


pears in the last number of the Journal of 
nited Service Institution. At a time when 
ion has been so conspicuously directed to 
condition of the defenses of the United Kingdom, 
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Fie. 2.—Russian Field Gun—Side Elevation and Section, 
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Breech Mechanism. 


Fria. 3.—End View. 

















Fie. 3a.—Vertical Section. 





Fre. 8a.—9 in. Russian Steel Howitzer. 
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We give below engravings of the Russian light and 
heavy field guns, showing how materially they differ 
iu construction from our own. In Figs. 1 and 1 A, the 
tube or lining is of Martin-Siemens steel, compressed 
by hydraulie machinery on the Whitworth system at a 
pressure of 90 atmospheres. The jacket, w is car- 








in the tube and interior arrangements generally, with- 
out entailing as a uence the condem- 
nation of a whole system of ordnance.” Bat the fitting 
of all the several parts to one another mast be accom- 
lished with extraordinary nicety to admit of the gun 
ing ‘‘assembled” when cold, This has not been 
attempted in our own gun faetories. The breech me- 
chanism is of the ordinary wedge and steel Broadwell 
ring pattern, and similar to a very considerable extent 
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Fie. 8.—Steel Howitzer Construction, 
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Fre. 64.—Russian Guns and Carriages. 


RUSSIAN FIELD AND COAST GUNS. 


8 5 ee te eae 

It is retained in its position a ring, composed 
two half rings. and’ covered a hoop. 
tube is fitted into the jacket cold, under 
sure of about 30 


entirely finished, as also is t 
trunnion coil has afterward to 

out or damaged tube can be replaced 
ease; and another very important 
Se and improvements 








to that em for the’ German field gun. Engrav- 
ings are pont wet longitudinal and travsverse 
elevations and sect the same, Figs. 2and3. It 
is, of course. widely different from the system employed 
in our new 12 nder, and not in any way comparable 
with it, we fally believe. Nothing could be more sim- 
ple than the t in the British field 
gun for breech, and the obtua- 
character. 
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isfactory. Wefremarked in a recent r in these | This surely is a grave reflection upen the most opulent | as 1887, when strips of per were pulled asunder in, 
cones that So heavy muzzle-load be nese were and scientifie nation in the world. suagpine at tem tures br. 


mounted in position at the various fortresses around 
the shores of the United Kingdom. But we omitted to 
note that effective fire at long ranges was preeloded in 
the case of nearly the whole of these guns, owing to 
the impossibility of giving sufficient elevation to com- 
mand an extensive radius. The carriages for British 9 
in, and 10 in. guns for land service are so constructed 
as only to admit of an elevation of 10 deg. being given 
to them, and with this ure a range of only 5,000 
yards is obtainable. The 38 ton guns of 12%¢ in. caliber 
are even worse off in this respect. They are all 
mounted in casemated batteries, and In the majority 
of instances only an elevation of 7 deg. is possible, 
owing to the contracted size of the casemate rts. 
This gives an extreme range to these batteries of only 
4,500 yarda, less than half of what, under usual circum- 
stances, the gun itself is constructed to attain. Such a 
condition of things is intolerable, and the only wonder 
is that hitherto the fact should have escaped observa- 
tion, It is true that a modification of the naval slides 
and carriages for the 8 in. R. M. L. gun has been 
effected, called an “ elevating” carriage and platform, 
which admits of an elevation of 16 deg. being given to 
the weapon and a depression of 9 deg., thus creating 
an are of 25 deg. altogether. But this will only be 
applied to the $ in. muzzle loader cast off by the navy 
—it having been hitherto exclusively a naval gun—-and 
which will be utilized to supplement the existing arma- 
ment of fortresses. No extensive modification of this 
nature has taken place in the batteries around our 
coasts. They are still in the predicament which we 
have described. But the vast nature of the reform 
which might be effected, if a better system of elevation 
were to be adopted generally, was clearly manifested 
at Warden Point, in the Isle of Wight, the other day, 
when effective ranges of 10,000 yards were obtained 
with the 9 in. gun upon carriages specially prepared 
for high angle fire. An engraving of the 8 in, “ eleva- 
tion ” carriage and platform is appended, Fig. 4. The 
compressor gear is replaced by a hydraulic buffer in 
Senalen, the cylinder of which is fixed along the bot- 
tom plate of the carriage, and the piston rod is secured 
to the breast of the platform. The buffer consists of a 
steel cylinder fitted at each end with a wrought iron 
cap. The piston rod screws into the piston, which has 
four 0°54 in. holes for the passage of the fluid. Clip 

lates are fitted to the front of the carriage to prevent 
its jumping when the gun is fired. This “jumping” 
of guns fitted with the early forms of carriage is a mat- 
ter of considerable importance. The line of recoil oc- 
eupied by the buffer is so far below the axis of the 
trunnions that a rocking action is set up, which some- 
times lifts the carriage right off the platform and 
damages the latter. This is avoided in the Vavasseur 
* pivot” and *‘ broadside” mountings, where the buf- 
fers are at the sides of the carriage, and almost coinci- 
dent with the line of recoil of the weapon itself. The 
powers of * 2o—er ” possessed by the modified 8 in. 
carriage will be of considerable value in situations 
where batteries have what is called ** high command.” 
In such positions it has been sometimes difficult to 
strike an object passing immediately below, owing to 
the difficulty of lowering the muzzle of the gun. 

But the Russians have driven us out of the field alto- 
gether with their 9 in., 11 in., and I4in. coast guns and 
carriages. The projectiles employed, weight of charge, 
initial velocity, and actual effective ranges of these 
three guns are as follows : 


Weight of Weight of Initial Range, Eleva- 

projectile. charge. velocity. yda. tion. 
9 in, steel gun....... 24ifib. 58 Ib. 1500 f. a. 6000 1ae8 
im. * *. ecccoce Ge em 119 Ib. 1500 f. a. 6000 12° BY 
aoe sconce 3 ib, 198 Ib, 1476 f. 8. 000 14° SY 


But the 9 in. steel coast gun has a carriage which gives 
elevation if required up to 23 deg., and depression 7 
deg.; hence a range of 10,000 yards could very easily 
be obtained with it, or even more, The 11 in. steel 
coast gun has also an extreme elevation of 144 deg., 
and depression 6 deg., so the figures quoted for range 
in the tabular statement are far below what it is possi- 
bie to obtain. This contrasts painfully with our own 
array of coast defense heavy guns. The very outside 
of range which can be squeezed out of them is 5, 
yards, and this notin every case. The most important 
armament of all—that contained in casemates, and con- 
sisting of the heaviest natures—is only available up to 
7deg. At this elevation the 38 ton gun can only com- 
mand a radius of two and a half miles, and the 47 ton 
steel breech loader, two of which only are actually 
mounted, two and three-quarters miles. It seems, in 
point of fact, to be almost an unnecessary expenditure 
of money to provide guns of such exceptional powers 
of range and penetration in positions where their 
faculties are so wofully cramped. There is little 
question that our 47 ton breech-loading guns, our 80 
ton and our 38 ton muzzle loaders are immeasurably 
superior to any in position upon the coasts of Russia ; 
but wej have only four of the first two descriptions 
mounted, and all of the classes enumerated are so lim- 
ited in power by the conditions to which we have al- 
luded that their valuable attributes afe entirely sup- 
pressed. This should be seen to at onee. 

Engravings are given of the 9 in. and 11 in., Figs. 5 
and 6, Ru coast guns and their carriages, also the 
construction of the 11 in. 48 ton gun, Fig. 7. The 
Semenov carriage, which is employed both for 8 in. 
and 9 in. guns, gives, as we said before, an elevation of 
28 deg., and a corresponding power of range. The 11 
in. carriage with hydraulic brakes uses glycerine in its 
cylinders. With howitzers also the Russians have 
made great advances. An engraving is given of the 9 
in. steel howitzer, showing i Gearteeslive features, 
and also its appearance when mounted upon the car- 
riage, Figs.§8 and 8 A, which presents several remark- 
able characteristics, being capable of elevation up to 
40 deg. In 1886 an 11 in. howitzer of this description, 
and mounted upon 4 similar carriage, gave very good 
results in Russia. It was inclined at an angle of 35 
deg. and fired a 600 Ib. shell at a range of 7,500 yards, 
with lateral errors of only 15 ft. to 30 ft., and longitu- 
dinal errors from 68 ft. to 126 ft. Hence, every shot 
fired by it would have descended upon the deck of a 
very small gunboat, and would have riddled the deck 
of an ironclad through and through. We have no 


wangee either in our siege or coast artillery which 
would give corresponding results, under the conditions, 
as to mounting, at present existing in our batteries. 





Before we close, we would venture to make one gen- 
eral remark upon the nature of our coast defenses. 
They are for the most part open batteries; these it is 
impossible to regard as other than death traps to the 
men working the guns. With all the modern appli- 
ances for firing powerful machine and em ip 
inthe of battle ships; protected by steel shields 
which effectuaily secure the safety of the marine gun- 
ner, it would be a mere watter ten or fifteen min- 
utes’ work to clear away the gan detachments from 
open batteries as one would mow down grass. e 
therefore strongly u upon the war department the 
advisability of providing some shelter for the ganners 
in all cases where emplacements are not fitted with 
Moncrief disappearing gun carriages. It is of immense 
importance to instill confidence in the mind of the man 
who works the gun.—The Engineer. 


COPPER STEAM PIPES FOR MODERN HIGH 
PRESSURE ENGINES.* 


By W. PARKER. 


As might have been expected, the disastrous explo- 
sion of the main steam pipe and consequent loss of life 
that occurred on board the royal mail steamer Elbe 
in September last, and a similar explosion on board 
the North German Lioyd’s mail steamer Lahn, have 
led to investigations as to the cause of these accidents, 
and, further, the whole subject of the manufacture of 
copper steam pipes has been considered generally, and 
experiments carried out with the view of ascertaining 
the behavior of the different kinds of commercial cop- 
per under various conditions of treatment and at 
various temperatures. A summary of the investiga- 
tions and the results of these experiments will not, I 
think, be without interest to marine engineers. 

The steamship Elbe was built in 1870 by Messrs. J. 
Elder & Co., and fitted with ordinary compound en- 

ines. In February of last year she was placed in the 
nands of Messrs. Oswald Mordaunt & Co., of South- 
ampton, for the purpose of a fitted with new 
boilers to work at a pressure of 15) lb. per square inch, 
and of having her compound engines converted into 
triple expansive ones. This work was completed, and 
the vessel was running her official trial in Stokes Bay, 
when the main steam pipe abreast of the after boilers 
burst, and all in the stoke hold at the time, numbering 
eleven persons, were killed by the sudden outrush of 
steain. 

The steamship Lahn is a new vessel, built by the 
| Fairfield Shipbuilding and Engineering Company last 
|year. In March last, while on her second voyage across 
| the Atlantic, her steam pipe burst in a somewhat simi- 
lar manner, but the loss of life was less in this instance 
than in the case of the Elbe. It was natural to sup- 
jones that the bursting of copper steam pipes, such as 
| those of the Elbe and the Lahn, would be found to be 
| attributable to defective workmanship or material, and 
| that due care had not been exercised in the manufac- 
| ture of the pipes, but these investigations go to show 
| that elements of very serious danger enter into the or- 
dinary methods of making brazed copper pipes, espe- 
cially when intended for high pressure steam. 
| Thesteam pipe which exploded on board the Elbe 
| was 93¢ in. diam. inside and 6 ft. 6 in. long, the thick- 
| ness of the copper was 0°276 of an inch, cor nding 
to No. 2 imperial wire gauge. It was brazed in the 
| usual manner, with a lapped joint, and, to all appear- 
ance, seemed a well made pipe. The copper had n 
obtained from a first class manufacturer in Birming- 

ham, and analysis has shown it to be chemically of the 
| best quality. The pipe itself had been tested by 
hydraulic pressure on two occasions—once for the satis- 
|faction of the builders to a pressure of 300 lb. per 
| square inch, and a second time by the owner’s repre- 
| sentative to 350 Ib. per square inch. These tests had 
| been sustained in a perfectly satisfactory manner, and, 
| 80 far as could be judged, every care had been exercised 
| by the makers to produce as good a piece of workman- 
|ship as possible. ‘lest pieces were cut from the ex- 
ploded pipe, and the copper away from the locality of 
| the brazing was found to have an ultimate tenacity of 
33,000 lb. per square inch, with an elongation before frac- 
| ture of 38 per cent. in a length of 5in , so that the burst- 
| ing pressure for this pipe, in its cold state, should have 
| been about 1,940 lb. per square inch, being thirteen 
times the working pressure, or, taking the actual thick- 
|ness of the copper at the fracture as measured after 
|the explosion, and which was found to be , of an 
|inch, the pipe should still have borne an ultimate pres- 
| sure of 1,2201lb. per square inch, or 8°8 times the work- 
|ing pressure. In order to ascertain the actual strength 
|of the portions of the pipe adjacent to the exploded 
part, a piece of the pipe about 30 in. long was cut from 
| the portion still intact of the length which exploded, 
aud two other similar pieces were prepared from the 
next adjoining length of pipe. These short pieces were 
fitted with flanges and tested to destruction by hy- 
draulic pressure, and in each case the pipe burst in ex- 
actly the same way, viz., through the copper near and 
parallel to the brazed seam, commencing near to one of 
the flanges. The pieces taken from the same length 
where the explosion had oceurred gave way under a 
| hydraulic pressure of 780 |b. per square inch, the frac- 
| ture exhibiting a granular and, in part, a discolored 
| ap ce. Of the two pieces cut from the next ad- 
joining length of pipe, one burst at 600 lb. per square 
noch, with the same granular and partly discolored 
fracture as if the metal had been injured or partiall 
cracked through during the operation of brazing; an 
the other burst at 1,140 lb. per square inch, the fracture 
being granular, but not discolored. This great diver- 
sity in the bursting pressures for pipes of the same 
dimensions and material and the similarity in the char 
acter and position of the fracture in each case 
with the fact that the pressure at which the 
of these lengths burst was still not more 
eighths of the calculated bursting pressure, seemed 
clearly to indicate that the material had been injured 
in the neighborhood of the seam by the operation of 
brazing. 

Some very careful experiments to ascertain the effect 
of increased tein ures upon sheet copper were 
made by the Franklin Institute in America as long ago 
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* Paper read by Mr. W. Parker, at the meeting of the Institution of 
Naval Architects, Glasgow, July 25, 1888. 


proper| ° F. to 1,332° F., and, as will be seen by 
following table, the falling off in strength as the tem. 
tures increased was very able, until at 


,382* F., or a bright red heat, the tenacity was nij. 


EXPERIMENTS MADE AT THE FRANKLIN INSTITY 
AMERICA, IN CONNECTION WITH AN INVESTI@A- 
TION INTO THE STRENGTH OF BOILERS. 

















m ture Dimination of Tem itn j 
above F. Strength. above a *. sar 

90° 0-0175 660° 0° 3425 
180° 0°0540 789° 0° 4389 
270° 0° 0926 812° 0°4944 
360° 0°1513 880° 0° 5581 
450° 02046 984° 0: 6691 
460° 0° 2138 1000° 0°6741 
513° 0-2 1200° 0-861 
529° 0° 2558 1300° 1°0000 
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These results were substantially corroborated by q 
series of ——- made by Dr. Kirk and myself 
after the Elbe explosion. From the table it will he 
seen that at 360° F., or the temperature of steain of 150 
lb. pressure, copper has about 15 per cent less tensile 
strength than when cold. But, allowing for this falling 
off in tenacity, the steam pipe of the Elbe at 150 Ib, 
steam pressure should still have had a factor of safety 
of 844. Carefully examined through a microscope, the 
difference in the structure of the copper in the neigh- 
borhood of the brazing where the exploded pipe and 
those afterward tested gave way and the structure ip 
that part of the pipe away from the brazing was very 
marked, and was clearly to be ascribed to the heating 
of the a during brazing. Test pieces were cut 
from the pipe near to the brazed seam where the rent 
had occurred, and it was found that whereas the co; 
from other parts of the pipe showed a tenacity of 33, bud 
lb. per square inch, with an elongation of 33 per cent, 
in 5in. and 59 per cent. contraction of area as recorded 
above, in these pieces the tenacity was only 24.418 lb, 
per square inch, the elongation only 46 per cent., and 
the contraction of area at the fracture only 13 per cent, 
This result was amply confirmed by testing other strips 
cut from the same locality. They each showed that 
the copper near the brazing had lost its ductile quali- 
ties and much of its tenacity. 

In order to obtain further information on this point, 
the following experiments were made: (1) A stripof 
good copper was cut from a sheet and bent and broken 
cold. (2) A similar piece was raised to a heat above 
that necessary for brazing, when it became red short, 
and broke with its own weight. (38) A piece was raised 
to the same bright heat as No. 2, allowed to cool, and 
then broken cold. (4) A piece was raised to the above 
brittle heat, at which it was partly broken through, 
then allowed to cool, and the fracture completed when 
cold. The appearances of these fractures were very 
interesting, as may be seen in the specimens on the 
table. The first had the fibrous silky appearance of a 
good copper; in the second piece the fracture was 
coarse and blackened by the heat ; but the third speei- 
men seemed to have almost cowpletely regained its 
tenacity and ductility on cooling, the copper in its 
normal state having a tenacity of 35,212 lb. per square 
inch, with an elongation of 40 per cent. in 5 in. anda 
contraction of area at the fracture of 39°9 per cent.; 
and the third specimen, although it had been raised to 
a blistering heat, was, when cold, found to have a 
tenacity of 31,337 Ib. pe square inch, with an elonga- 
tion and’contraction of area at fracture practically the 
same as the normal copper, which would appear to 
show that, although the copper should be over-heated 
in brazing, if not otherwise injured, its qualities will 
be substantially regained on cooling. The fourth 
piece was partially broken while hot, and the appear- 
ance of that part of the fracture was discolored by the 
action of the heat ; but the part that was allowed to 
cool had its ductility restored, and afterward broke 
with a bright fracture. This experiment was repeated 
a number of times, with similar results, and the frac- 
tures corresponded exactly in appearance not only with 
that of the exploded pipe, but also with those of the 
other pipes which were experimented upon, and which 
burst at pressures of 600 1b. and 780 lb. per square inch 
respectively. The only difference in these fractures 
was the depth to which the partial crack, as shown by 
discoloration, had extended. In this manner the exact 
appearance of the fractures of the exploded pipe, and 
of those experimental pieces which burst at the low 
pressures, was reproduced artificially by burning the 
copper and treating it in the way described. From 
this it will be seen that, should a gl po be over- 
heated during the brazing operation, and seeing that 
the metal becomes perfectly brittle at not much above 
the brazing heat, the pipe might accidentally be 
cracked when in this btittle condition ; and altho 
the section of metal still remaining intact might 
sufficient to sustain the cold water test pressure, 
the hot steam and accompanying strains might deve 
and deepen the crack, and the 2s ag ultimately give 
way at the working pressure. This I consider to 
the true explanation of the explosion of the Elbe’s 
steam pipe, and also that of the SS. Lahn. A serious 
element of danger is thus shown to exist in the presept 
practice of brazing large heavy copper pipes intended 
to be subjected to the high pressures now so common, 
It is generally admitted that welds or brazed joints ia 
any material must certain elem2nts of uncer 
tainty, and the above experiments show this uncer 
tainty to be greatly increased in the case of copper 


fo worked over a fire. How to eliminate these elements 


of danger becomes an important question. — 
alternatives suggested themselves, as, for instanee& 


that the copper might be worked cold and the joint 
made by a riveted seam, that brazed pipes might be 
served with wire or have stre ening bands fitted af 


short intervals (both of which systems I find are no¥ 
resorted to), or that steel pipes might be used, the seal 
being riveted. 


MANUFACTURE OF COPPER PIPES BY ELECTRICITY: 





While. these points were under consideration. | had 
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+ CoprerR STgaM Prpgs FOR HIGH PRESSURE ENGINES, | Et kg |same way-that in a stenm engine the power develop ; 
ore is expressed by h.p. To put this shortly— 
TABLE 1.—DEPOSITED COPPER. Lampere x 1 volt = 1 watt. 
———— a ' eo dis -o Daten 1 x 746 = 1e.h.p. 
Dimensions im Inches. —_—/ Tensile strain in tone! Elongation, per cont. These.are the electrical terms employed by common 
. Sees fact a ; in edined, acd ¢ tacts in relation 
oo | : an re are acts in 
Specimen. Breadth. | Thickness} Area. Total, |Per.sq.in.| In 8 in In Sin. ee thereto that are quite accepted. The principal one to 
Ay ee here is one ain pere of or current. 
ee will deposit second per square 
a1 | 20 | 0-175) O-8i| 8-36 | 28-80; 18°7 | 20-0 | 78 )|\Blectro-deposited copper cut cir. eee emg ty ea ep le wc cee ree teees 
A2 2-0 0°18 0-36 8°36 23°22 | 13°0 17°5 684g t cumferentially from the pipe. ing the tabes being ened. the amperes and 
AS 1°0 0-18 0°18 4°32 24°00 | 12°89 16 U0 82. Uogt longitudinally from the pipe. | volts were measured by Siemens standard instruments, 
AS | 10 | O18 | O18 4°27 23°70 | 182 13°2 a) from which, on the above basis, the quantity of copper 
electrically deposited in a given number of hours could 
—— x be estimated. In this way it was easy enough to judge 
of the horse power transmitted through the dynamo to 
TABLE IL.—SOLID DRAWN COPPER. deposit a given quantity of or a given thick- 
a as ness ahs ad pipe = ven —- As to quality. 
} : : ft the process bound 
Bi | 20 0-195 | 0°39 80 | 20°5 3°75 71 | }2°8 ) ‘soli drawn copper cut circumfer- dine hes ~ this taepens the Sasbonal the magni- 
B2 20 pean 0 re e- ~s ae > = j| entially from the pipe. fied pieces of copper, both before and alter thetere- 
BS 1:0 | O1 o1 3° . : 7 “6 Lg isher has been applied, and the mechanical tests ve 
B6 1-0 | 0190) O19 | 38 | 20 | 310 70 | 36°8 i leqgitatinaiiy tem Ge pipe. made, are the beet panete. I may describe the latter as 
follows: Two of the four pipes I witnessed being manu- 
—e fecteaed I ene to London. bad a I 
itted w strong flanges per nan 
TABLE III.—ROLLED SHEET COPPER apparatus specially made for the perpase and tested to 
tit po rire Bee = porate ay | eut wy tees! ogra 
| t ar os e e for 
C1 2°0 0° 265 | 0°53 7°46 | 140 | 450 | 30°0 44°5 ' Rolled sheet copper cut in the tengnetion. The eveiees was edie flattened out 
C2 2°0 0°265 | 0-58 746 | 140 | 44°0 30°0 45°5 direction in which it was rolled. | into a sheet, from which six test pieces were cut and 
Cs& 1-0 0-265 | 0°265 | 3°72 140 450 | 85°5 31°0 )|Cut across the direction in which pared for making tensile tests. | also obtained from 
CB 1°0 =: 265 | 0°265 | 3°71 140 | 42-0 | 83°5 81°5 §| it was rolled. avers. J. Wilkes & Sons, of Birmingham, two solid 
drawn copper pipes of similar dimensions, and had 








TABLE IV.—TABLE SHOWING EFFECT OF TEMPERATURE IN DIFFERENT DESCRIPTIONS OF COPPER. 
































| : 
Mark Total | Tone per | Percentage |/Temperature 
on Thickness) Breadth. Area. load in square of in Remarks. 
Specimen. | tons. inch. degrees F. 
| 
| 60 
jgreee eee 2° a FP P ; 
Pi | 0237) 20 | O47] O80 | idas) .... oo ; Cold. 
Pa | 0-237! 2-0 | 0-474| 5°05 | 10°66| 26% , 
P83 | 0237| 20 | 0-474| 5-00 | 10°55! 20g 300° | Rolled sheet copper. 
, ook. a joss oa 60° ) 
Si | oi92| °2°0 | O84] 7°70 | 20-0 fo | Cold. 
$2 | 0195| 20 | O-B90| 5°55 | 14°23) 25:2 e ; 
88 | o194! 20 | o-m8e| 6-10 | 157 300° Solid drawn copper. 
24°0 60° 
0-179} 2-0 | 0-858 | 550 | 15°85 , 390" ti Cold. 
2 0-179 2-0 | O°338 |) 5°25 14°65 . 390° : 
0179) 20 | 0-858) 5-45 | 15°2 390° t Electro-deposited copper. 








making copper pipes of any required diameter, Jength, 
or thickness by electro-deposition, and I was instrueted 
77> Committee of Lloyd’s Register to proceed to 

r. Elmore’s works and witness the operation of mak- 
ing these pipes, with a view to reporting thereon for 
the information of the committee. The process is 
briefly as follows: A mandrel is surrounded by ordin- 
ary unrefined Chili bars arranged upon strong sup- 
porting frames in a depositing tank of sniphate of cop- 
per. and the copper is dissolved or decomposed, as will 
ereafter be explained, aud is deposited in the form of 
pure copper on the revolving mandrel, leaving the 
copper in the form of a shell or pipe of any thickness 
required, fitting closely to the mandrel. When the re- 
quired thickness has been deposited, the pipe and 
mandrel are exposed to the action of hot air or steam, 
then the copper expanding more than the iron admits 
of the mandrel being drawn, leaving the copper in the 
form of a pipe, without a seam, perfectly round and 
true both internally and externally ; or the pipe may 
be expanded or made larger by rolling or me- 
chanical means, and then the mandrel withdrawn. 
The deposition of copper by electricity is not at all 
new. It has been in use for years for electrotyping 
purposes, and for separating copper from its impurities, 
and particularly for extraeting gold and silver. But 
copper thus refined is wanting in cohesive rties, 
and without some means of increasing its density, 
which would give to it, at the same time, both tenacity 
and ductility, it would in. saeh a form be useless for 
mechanical purposes, and the ingenious manner in 
which this difficulty is overcome by the present pro- 
cess constitutes its most important feature. A bar- 
nisher or planisher, composed of a small square piece 
of agate, being the hardest and smoothest substance 
Suitable and available, is supported upon proper arms 


and levers, and the agate is allowed to press lightly | The 


upon the surface of the copper on the revolving man- 
l. The burnisher is caused to traverse from end to 
end of the mandrel by means of a leading serew at 
required speed. After it has traversed the whole 
h of the mandrel, it is automatically reversed, 
the revolving mandinl and the epeot of thee teeershng 
e ng mandrel and of the tra 
burnisher is so adjusted or ‘arranged that the whole 
surface of the is acted 
result being that every thin 


m of copper deposi 
upon the mandrel must be 9 


any sean semen stated, in a bath of 





were taken off the mandrels in my presence, and the 
erids of the pipes cut off, so as —— a portion of 
the pipes acted upon by the bu r. The remain- 


ing portion, or rough ends, shows the nodules, or rough | ed 


copper not acted upon by the burnisher, which is in a 
owe brittle condition. This will be seen by the 
specimen. It is well known that the structure of or- 
dinary_ electro-deposited sue is purely crystalline, 
and easily disrupitured under stress. The adjoining 
faces of the ——s 7 dt es the whole mass is com- 
eee. appear under the m to be separated 
rom each other, and have very slight cohesive power. 
In order to show the effect of the burnisher upon the 
material, I have had the strueture of specimens of 
pieces of copper magnified under a microscope and 
then photographed. No. 1 photo is taken from an 
ordinary piece of cast r. No. 2 is taken from a 
rolled bar of copper. e difference in these two 
structures is very perceptible, and plainly shows the 
effect of work in the shape of rolling. No. 3 shows the 
structure of a piece of ordinary deposited copper not 
burnished, and No. 4 shows the «structure of a piece of 
copper one-third unburn and two-thi bar- 
nished. these photos it can plainly be seen to 
what extent the crystals are reduced in size, and the 
cohesive power of the material increased. 

To describe more in detail how the decom tion of 
the unrefined copper is effected, and how the deposit 
takes place, I may state that the unrefined Chili bars 
are cast inte slabs of the required length of the pi 
and these are arranged longitudinally in a monten 
tank, in such a manner that the faces of the slabs 
are ximately at equal distances from, and 
with, the surface of the cylindrical man- 


running in insulated bearings, 
wheel gearing, etc. The whole of this arrangement 
































by the burnisher, | electri 



































or combine with a quantity of 
which oy ay ar 
ode. The 


deposition of copper are like those for 
and Raeen tr piagond. may be as 

them here. (1) The terms ‘cathode 
are synonymous with the tive 
of ap electric or galvanic 


is ‘by *ohans.” (4) Phe: 
in the electrical-cireuit is expressed by ‘‘ watts,” in th 
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them cut and testedin like manner. The piece marked 
B is cut from one of these pipes. In addition to these 
pipes I obtained from Messrs. Clelland & Thorburn, 
he well known ——. of Glasgow, a brazed 
pipe of the same ensions, made specially for my 
experiments, which was also tested to destruction, 
together with a sheet of best rolled copper, so that cor- 
responding test pieces could be made to those made 
from the electro-deposited pipe and the solid drawn 
pipe. The results of these nechanical experiments are 
most interesting. Pipe A, electro-deposited, stood a 

ressure of 3,450 lb. per square inch before it burst. 
The material stretched and the pipe ex uni- 
formly until the copper was reduced in thickness from 
# in. to fs in. Pipe B, solid drawn, stood a pressure 
of 2,200 Ib. per square inch. It also expanded, but not 
with the same uniform character as pipe A. Pipe OC, 
brazed from sheet copper, also stood a as of 2,200 
lb. per square inch, burst, as ail brazed pipes do, 
near the line of brazing. 

The tensile strength and ductility of the copper cut 
from J p.-4 A is given in table 1.; the tensile strength 
and ductility of the copper cut from pipe B is given 
in table II.; and the tensile strength and ductility of 

per cut from sheet copper, such as would be 
plied for making pipe C, is given in table III. It 

seen from these tables that the tenacity in the nor- 
mal state of these three descriptions of copper, the eiec-( 
tro-deposited, the solid drawn, and the rolled sheet, are 
2334, 20144, and 14 tons per square inch respectively. 
The very superior ductility of the pure electro-deposit- 
is clearly shown by the manner of breaking, 
the elongation being chiefly confined to the neighbor- 
hood of the fracture, and whereas the contraction of 
area at the fracture in the solid drawn copper is 123 
per cent.,and in the sheet r 45 per cent.,in the de- 
posited ee it averages 33 per cent. The tenacities 
shown by the test pieces are confirmed by the pressures 
at wh the electro-deposited and solid drawn pipes 
burst under hydraulic pressure, and, as before stated, 
the uniformity of the deposited material is very con- 
spicaous. In order to ascertain how deposited copper 
behaves as compared with solid drawn and ordivary 
sheet copper, and how its strength and ductile proper- 
ties are affected by the action of heat, such as is con- 
tained in steam pressures that are now comwon, I 
have had a series of experiments made, the results of 
which are given in table 1V. 

The specimens were immersed in an oil bath while 
they were in the testing machine, the temperature of 
the oil being maintained by a gas flame; and by this 
means the specimens were pulled asunder at the tem- 
peratures given, which correspond with the tempera- 
ture of steam at 200 lb. pressure. The results of these 
experiments are embodied in the preceding table, 
are very interesti The electro-deposited copper, it 
will be seen, as well as the solid drawn r, stood 
about 15 tons per square inch, while cold rolled sheet 
cougar. broke at about 104 tons, at the temperature of 

F. Comparing these tests with the interesti 
series made by Dr. Kirk at Lancefield, to which 
have before referred, and published in in 
December, 1887, I find there were twenty-three speci- 
plates tested at the same temperat 
viz., 390° F. Some of these were cut across F 
joints, and others clear of the brazing. Of the nine, 
sainples which had been cut across the brazed 
the mean tensile strength per square inch was 
tons ; but they varied in strength from 8°59 tons up te 
12°82 tons, or about 40 per cent.—say oe 


E 


rangi 

per square inch, or from about fo ee 
per cent. below the a 

with the ments made 
Elbe eee. the mean : _ 
copper, peratures varying from 

F., was 998 tons. Other experiments 
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a 
high pressures have bere discovered a weakness and 
danger that was bound to cause anxiety. I find solid 
are now being made of larger diameter 
therto, and I am not aware what the limit of 
their of manufacture can go to; at any rate, 
there is no limit to which the diameters of the electro- 
deposited pipes can be made. Many other advan- 
are claimed for these electro-deposited pipes 
1 have not investigated ; but so far as steam 
jpes are concerned, it is obvious that absolute uni- 
jority of density, thickness, and tensile strength, 
and true circular section (all of which are import- 
ant qualities), can be obtained. It is also estab- 
lished that copper deposited under a burnisher can be 
varied in tensile strength from the ordinary granular 
form toa material having high tenacity, and as it ob- 
yiates the necessity for the steam pipes being put into 
the fire for brazing purposes, the strength and safety at 
high steain temperatures may be still further increased, 
and if so, we shall, I am sure, be further gratified. 
leannot conclude this paper, which I hope may not 
be without interest to the members of this institution 
and to others engaged in the manufacture and use of 
copper pipes, without expressing my thanks to Messrs. 
Maudslay, Sons & Field, for the great assistance 
they have been to me in carrying out a number of 
experiments, notably the bursting of the pipes, for 
which special appliances had to be devised, as also for 
the experiments at high temperatures. My thanks are 
also due to the Leeds Forge Company, who placed their 
testing machines at my disposal, and others who sup- 
plied me with copper and the necessary assistance and 
appliances for conducting these investigations. 


drawn 
than b 








ENGINES OF THE RE UMBERTO. 


Our engraving, prepared by the Hngineer, from one 
of the largest photographs of steam machinery ever 
taken, shows one set of the twin screw engines of the 

t Italian war ship Re Umberto, as they stood in 
icesrs. Maudslay & Field's erecting shop. These en- 
gines will indicate 10,000 horse power on each screw. 
The engines are fitted with Joy’s valve gear, and the 
low pressure valve chest lids are off, showing the slide 
valves inside. 

The Re Umberto is one of three ships of nearly similar 
type, and is being built at Castelamare; she is 400 ft. 
long, 75 ft. beam, and displacing 13,251 tons, will draw 
%ft.6in. She is intended to steam at 18 knots; she 
will carry four 110 ton guns in barbettes. 








MECHANICALLY PROPELLED BOATS. 


A MECHANICALLY propelled lifeboat that would give 
the maximum result, and fully utilize the labor ex- 
pended in rowing, has long been a desideratum, the dis- 
advantages of a boat rowed by oars being both numer- 
ousand serious. In the first place, the oarsmen row- 
ing cannot see where they are going, having their backs 
to the bows of the boat. They cannot always see if 
they are going next on the crest of a wave or in the 
trough of thesea. They cannot well ship oars or pre- 
pare for accident if a green sea ora big wave is about 
to strike them. In present lifeboats fully two-thirds 


of the oars when rowing in a rough sea are constantly 
out of the water, and a stroke is only obtained when 


A. M. Wood, of 18 Delahay Street, Westminster, has 
<weeas a means of peeps ing a boat so that all the 
work expended is fully utilized by the floats in the 
water, and no matter how the boat may pitch or roll, 
so long as even only one float is in the water, it takes 
up all the energy and wotion of the rowers, so that no 
expenditure of work is lost. 

he rowers are always facing the bows of the boat 
and the object they are rowing to. The cranks or lev- 
ers are all worked inside the boat, giving the mena 
secure hold on board. This is accomplished in the 
manner shown at Fig. 1 of our engravings, herewith. 
The boat is constructed on special lines, giving great 
stability and buoyancy, with hooded ends an cham 
bers, to render the boat instantly self-righting. 

On either side of the boat are five omall addle wheels 
with radial floats geared all on to one shaft, which is 
worked = foot treadles and hand levers, so that eve 
man is able to continuously exert his power in propel- 
ling the boat, and when any of the wheels are out of 
the water, owing to the pitching or rolling of the boat, 
those in the water get the full benefit of the power of 
the crank: racing or slip being thus impossible, and a 
steady, continuous forward motion maintained. The 
sailors, while propelling the boat, will have additional 
safety and security against being washed overboard, 
having at all times a good hold on the levers fitted on 
board, which will give them a firm seat and holding. 
As the simple moving of the crank propels the boat, it 
is-obvious that skilled labor is not required, and the 
lifeboat can be manned by _ one, thus saving the 
labor and delay in mustering a skilled crew ; and when 
persons are rescued from a wreck, all in the boat can 
assist in working it, and thus increased power be ob- 
tained. The paddles or oars can also be instantly re- 
versed for the purpose of turning or backing. 

It is also held that the boat can be brought close up 

to a wreck, as no space is required for the sweep of the 
oars, while the sponson and paddle wheel casing add 
to the beam of the boat, giving great stability and 
»rotection. A woodite bolster or rubbing piece runs 
om stem to stern,to prevent injury by collison or 
bumping. The same mechanical arrangement will also 
work oars (see Fig. 2), twin screw propellers, or paddle 
wheels. In some cases a reservoir of compressed air is 
placed in the center of the boat, and can be used for 
driving the machinery when desired. Oars, also sails, 
are provided for, and can be used if desired. 

Mrs. Wood’s triple torpedo boat is shown at Fig. 3. 
The object of this novel form of boat is to insure a 
triple security in case of accident or injury. ‘Being 
constructed in three separate sections, each fully equip- 
ped and armed, securely attached to each other, they 
form one long boat, which by a simple mechanical ar- 
rangement can instantaneously be disconnected, form- 
ing three boats. In the event of injury during action, 
any one of the sections can thus be abandoned, leaving 
the remaining A gy a double ship, while this can 
again be divided to form two separate vessels. Each 
being furnished with steam power, increased capabil- 
ity of maneuvering is obtained. While cruising, the 
foremost section only would be under steam, thus re- 
serving the coal, but when going into action, each sec- 
tion would get up steam. Mrs. Wood hasalso designed 
a triple war or passenger ship (Fig. 4), the main object 
of which is safety, where so many lives are depending 
on the security of theship. Mrs. A. M. Wood claims for 





Thus only one-third 


the rowers can catch the water. 
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MECHANICALLY PROPELLED BOATS. 


of ~ power on board is utilized in propelling the boat. 
effe, ong sweep of the oars is an exhausting and feeble 
ort to face a gale, often necessitating a steam tug to 

- 4 lifeboat ont under these cireuinstances, or else 
must go well to windward and drop or drift down 

+ deans which if the men fail to fetch. the boat is 
carried away and hours are expended in working 

or Waiting for a tide. ‘Té obviate all this, Mrs. 


SF 





this invention triple security and privacy, and many 


= = 


other advantages over existing ships. Should collision 
or accident occur to any part of the boat, the vessel 


DOUBLE ACTION STEAM PILE DRIVER. 


THE double action steam pile driver which we illus- 
trate below is constructed by the Southgate Engineer- 
ing Company, Limited, of New Southgate. It is carried 
by two rods, B, which are bolted together and to the 
pile at D. The whole pile driver moves with the pile, 
and is guided in its descent by the frame, C. he 
monkey is the steam cylinder, A; it rises and falls 
over the two hollow piston rods, E F, which are sta- 
tionary in relation to the cylinder. The piston rods 
also constitate the steam passages, the left hand rod, 
E, leading to the space above the piston, and the other 
to the space below it. Steam for lifting the monkey is 
admitted through the former rod, and also exhausted 
by it. Steam for giving impetus to the downward 
stroke of the monkey is admitted through the piston 
rod, F. The admission and exhaustion is controlled 
by the three-way cock, B, which is so constructed that 
by shifting a pin the part of the plug which controls 
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the steam to the piston rod, F, can be made stationary. 
The monkey then becomes single acting. The piston 
rods are made of steel, bored up, with the collars 
turned out of the solid. The gland bushes are made 
in halves to permit of this. 

The advantages claimed for the apparatus are that 
the flexible steam pipe is practically at rest, and does 
not wear out by constant reciprocation, and that there 
is no opening in the bottom of the monkey for water 
to escape through on to the pile.—Hngineering. 








EFFICIENCY OF PLANT. 


By Dr Vouson Woop, Professor of Engineering in 
Stevens Institute. 


It is interesting to note the gradual increase in the 
efficiency of steam plants. This improvement is due 
chiefly to the increase of efficiency in the engine, since 
the efficiency of the boiler is little, if any, better than 
it was wany years @ It is a popular statement that 
the steam engine utilizes only one-tenth of the heat of 
the fuel and that nine-tenths is wasted ; and science is 
frequently censured for not devising more economical 
methods of saving heat, while science disclaims any re- 
sponsibility in the matter. Science has long since 
pointed out the law according to which a greater = 
cent. of the heat may be utilized in an engine, and has 
turned the question over to art to devise the methods. 
Carnot showed that the maximum efficiency of a heat 
engine was directly as the difference of temperature of 
the refrigerator and furnace ; or as the temperature of 
the source and the lowest temperature at which the 
heat was rejected. It remained for Sir William Thom- 
son to find the exact expression for the maximum ef- 
ficiency of any heat engine; or, in other words, the 
efficiency of a perfect elementary heat engine. The 
form of the exp on was also deduced analytically by 
Rankine. The well-known form is— 


T.—T, 
ae 


so injured can be instantly détached, and. the lives of |in which T; is the temperature from the absolute zero 
the passengers secured by the accompanying ships, by 
means of a flying brid 

All the boats are fully 


from each vessel to the other. 
uipped, provisioned, coaled, 


of a perfect gas thermometer at which heat is supplied 
to the engine, and T; that at which it is rejected. T;, 
eannot exceed the temperature of the source or the 





and provided with eve 
sage.—Iron, - 


necessary for the pas-| boiler, nor Ts be less than the lowest temperature of 


surrounding objects, that is, of the condenser. The 
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most perfect engine ever inade falls considerably short 
of this value, but the law indicates clearly the direc- 
tion in which improvements in the use of the engine 
must be made in order to secure increased efficiency. 
Since the refrigerator cannot be wade much, if any, 
colder in practice than it has been, the improvement 
must come from using steam of higher temperatures 
and in perfecting the aetion of the engine. The abso- 
lute zero is so far below the temperature of melting ice, 
and the praciicai difficulties of using steam at very 
high temperatures render it practically impossible to 
transform into mechanical work more than a compara- 
tively small fraction of the heat put into an engine. 
It has been asserted that steam at 300 pounds pressure 
to the square inch cuts the valve seat, and especially 
the edges of the ports, so rapidly as to make its use 
impracticable on this account alone. Advance cannot 
be made in one direction only; all the elements in- 
volved in the problem must be improved before a great 
advance can be made in any one. Provisions against 
leakage, weakness of any part, and excessive wear must 
all be provided for. The process by which the present 
pressures have been reached has been gradual. It is 
now quite common to use 160 pounds, and even this has 
been passed in some cases in everyday practice. This 
growth is well exhibited in the following table, taken 
from Scribner's Magazine of May, 1387 : 


Year, Pounds 

PST oo ete oe we 3 
a OF o cep oeeseebetSekececcceccs 5 
PN 6 cer ce veccce: 04 6008 Mbvaeberseees 8 
Free Tr | mT Tt 10 
cc * oe 6esneh &6¢cohmesaitesbocenes 14 
Be 6e-0ccscenesecews 21 
M6: «4 -46d6webdesdesGekeebeceeecess 25 
Piadtwkecaa tenets 30 
DD checdeeaereheestes i cdbebveceds coe 40 
aa gnesesaans 50 
1875.. 60 
DP adesseete. «eects ve @ameuns 70 
1882 .. . 80 
1836. . .150 to 160 


It is impossible to assign exact values for the pres- 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 661. 


- 





SEPTEMBER 1, 1888, 








The calorific power of the coal is not given, but as- 
suming that on sacha trial the best coal would be 
used, we will assume its thermal equivalent as 15,000 heat 
units. Ordinary coal in the market often falls below 
12,000 heat units per pound. The 1°23 pounds of coal 
would contain 1°23x15,000=18,450 heat units, which 
reduced to foot pounds gives 18,450 x 778= 14,354,000 foot 
pounds, This developed one horse power per hour, or 
33,000 x 60= 1,980,000 foot pounds ; hence, the efficiency 
would be— 


, 1,980,000 .. 
E=77 354,000 ° 18 
which is less than 14 per cent. of the heat energy of the 
coal. 

If the heat of combustion of the coal were 12,000 
heat units, the efficiency would 


E _ 1,980,000 | 
*~ 1°28 X 778 x 12,000 


=0°164 nearly, 





or less than 1644 per cent. 
| Itisa good boiler that develops an efficiency of 70 
per cent. As this was a trial trip, the boilers were 
probably in excellent condition, and if we assume that 
| the efficiency of the furnace, boilers, and steam connec- 
| tions between the boiler and steam chest of the engine 
| had an efficiency of 0°70, the efficiency of the engine 
alone would be in the former case— 


0°138+0°70—0°197 
or nearly 20 per cent., and for the latter case— 
0°164+0°70=0°234 


or more than 23 per cent. 

The latter is probably too high and the former may 
be too low. Taking the mean of these as a more proba- 
ble value, we have : 

Efficiency of plant, 15 per cent. 

ki “leiency of engine, 2114 per cent. 

Efficiency of boiler, 70 per cent, 





If the heat put into the engine could be worked in a 














OARBY 'S 


IMPROVED AND 


F . SAVAGE 
ENGINEER 





Ne 
tem of cultivating the land ve steam power. It has twe 





distinct motions, one in traveling on the road, whieh it 


does in the same way as an ordinary traction 
while the other (which is the peculiar feature 
Darby digger) is a sidewise motion when traveling over 
the field to be dug. By means of an ingenious q 
ment the wheels are capable of being turned y 
neath the boiler, so as to revolve at right angles to the 
length of the boiler. The digger is supported in this 
position by a steerage which is attached to a fireboy 
on the opposite side to that on which the digging 
paratus is fitted. This steerage is pushed along by the 
reaction of the digging forks as they enter the soil, 
and, projecting as it does some 12 feet from the boiler 
it enables the driver to guide the machine with ease 
and accuracy. When the digger has nearly reached 
the side of the field toward which it is traveling, one 
pair of wheels is brought to a standstill, while the 
other pair still revolve. ‘This has the effect of causj 
the machine to wheel round like a company of w 
drilled soldiers, so that it is completely turned in its 
own length, and ready to make another journey acrogg 
the field in the opposite direction over fresh soil. 

The following is a description of the mechanism of 
the digger : 


of the 


BOILER. 
Type: Locomotive. 
Length of barrels... each 6ft. 11% in. 
Diameter of barrels inside Seews = ee 44“ 
Length of firebox, mean — avi a 3 %” 
Width of nee — -—.) (an 
Height of above grate. - eo? Soh 
Area of grate... : sq.ft. 6 O25 
Tubes, number (best lapwelded) 48 


Tubes, diameter outside. . Sewede senese semen tke 24% in, 


Tubes, length between plates 5h. 9 © 
Heating surface firebox veneer aq. ft. 

aa — NS “svadcew oneesion m6 180°6 

> ped smoke boxes “ 36 

po ed _ <a eeseee “ 2162 


Working pressure, Ib, per sq. in. .... ra 


The shell of the bviler is constructed throughont of 
Siemens steel plates, double riveted, tested by hy- 
draulic pressure to 250 lb. per square inch. The fire- 
box is of Lowmoor iron, stayed to the shell by 122 Low- 





moor stays }4 diameter, 444 inch pitch. 





THE DARBY BROADSIDE STEAM DIGGER. 


sures used during any particular time, still the above 
values are probably approximately correct, and there- 
fore show an approximate law of increase. 

If steam be admitted into the cylinder at the initial 
pressure of 160 pounds, in which case the pressure in 
the boiler will be about 170 pounds, and the back 
pressure 2 pounds, we find froma table of saturated 
steain that the initial temperature of the steam will be 
363° F. and the lowest 126° F.; and the engine will 
work between these temperatures, and hence, accord- 
ing to the above formula, the efficiency cannot exceed— 
363—126 
363+-460 20305 
or 2814 per cent. of the entire energy of the heat in the 
steam. No possible arrangement of parts, nor mode of 
construction, nor choice of material for the cylinder, 
nor management of the engine, could produce an effi- 
ciency greater than this, for the limits assigned. This 
is the second law of thermo-dynamies, stated in finite 
terms. 

In practice no use is made of this formula in deter- 
mining the actual efficiency of an engine or of a plant ; 
but the work actually done is determined either from 
an actual indicator card or friction brake, and the 
fuel used is measured. Knowing the thermal equiva- 
lent of the fuel, the efficiency may be determined at | 
once. " 

The following is an example of a remarkably efficient | 
plant. Inacopy of /ndwstries for 1887 isa report in| 
regard to the SS. Ohio, of the International Steam- | 
ship Co. It had a gross tonnage of 3,250 tons, and a/| 
company agreed to put in a set of triple expansion en- | 
gines aggregating 2,100 horse power, guaranteeing that | 
the coal consumption should not exceed 1°25 pounds per 
indicated horse power per hour. 
$1 in., 46 in., 72 in., and 51 in. stroke. 


* 





power per hour. 


The cylinders were| the show grounds at Nottingham recently, where it 
On a trial trip | was successfull 
the actual coal consumption was 1°23 pounds per horse | many practica! 


perfect elementary heat engine between the tempera- 
tures 363° F. and 126° F., 2844 per cent. of the total heat 
would be transmitted into mechanical work, as shown 
above ; hence the engine above considered utilizes— 
215 

285 

or nearly 75 per cent. as much as would be utilized by 
a perfect elementary heat engine. 

t is necessary to know more about the conditions 
of the trialthan is known by the writer, in order to 
judge whether the exceptionally high efficiency here 
reported could be depended upon for continual ser- 
vice. It isto be presumed, on the one hand, that the 
owners of the ship would insist upon a trial that would 
be a fair test of the capacity and economy of the plant, 
and, on the other hand, there are many ways by which 
an expert could make the result appear too favorable 
to the contractors. But itis agreeable to believe that 
steam plants are now built whose efficiency may be 14 
per cent., and engines whose efficiency is 20 per cent. 


=0°747 


THE DARBY BROADSIDE STEAM DIGGER. 


THE Darby steam digger has now been before the 
agricultural world for some years and we have watched 
its gradual development with interest. We have also 
seen it do good work under trying circumstances in its 
earlier stages. It distinguished itself at the Royal 
Show at Carlisle in 1880, since which time it has been 
taken in hand by Mr. F. Savage, of King’s Lyun, and 
under his supervision it bids fair to become a valuable 
implement of tillage. The latest form of this digger 
was shown in operation in a field about two miles from 


worked, and received the approval of 
men. This steam digger, which we 





illustrate, isa bold departure from every existing sys- 





a 


~~ : 
~ 
——_— 
ARE, 
ENGINE. 
Diameter of cylinder (steam jacketed)................. 9% in. 
Length of stroke. . sc icetingtnliaces > = 
Diameter of crank shaft........ ALT Ae wm 
Revolutions per minute... .... ........-......-eeeceee 200 
ROAD GEAR. 
Diameter of road wheels... . 3 ft. 6 in 
Width of road wheels ..... - i 
PIII CUI aa occ cds vecccccccsesseescnsiinnioncen 9°69 
DIGGING GEAR. 
ee oe ‘ bi 93¢ In. 
Number of revolutions of forks per minute #4... Engine rev. = 
“ . ro “ — «OF 
EE Eg , y 6°4 in, 
Number of revolutions of forks per minute, 48°8, engine rev. 200 
Extreme width of forks.... ... cukesalaiaadiede ee 


The shafts for the gear work and the main axles are 
of Bessemer steel. The whole of the gearing for driving 
the road wheels and the digging forks are of crucible 
cast steel, also the principal brackets for the gearing, 
The fork frames and cranks, the carriage frames 
saddles, are constructed throughout of crucible stee 
castings. 

The great value of steam digging consists in the e% 
posure of a much greater superficies of soil to the ac 
tion of the atmosphere than can be effected by any 
other mode of cultivation, and this is done without the 
least pressure on the soil after the operation. The 
sledging action of the plow is avoided, direct descent 
of the roots into the subsoil is obtained, and it 1s 
that the crops grown on steam-dug land are alm 
universally better both in quantity and quality. W™ 
it is remembered that the arable land of Great Brital, 
if it were all steam-dug, would give employment to 
ane of these implements, it will be seen a steaiD 
igging may possess an important future for 
tural engineers as well as for agriculturists.—Jrom 
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—— 
ADVICE TO YOUNG MECHANICAL ENGINEERS. 






a8 two 

hich it At the close of the recent session of the Finsbury 
i nical College, Professor Perry, F.R8., delivered 
the address to his second year students and some of 

8 over -. parents, to the following effect : 
ange A question of peculiar importance to you mechani- 
a cal engineering students is what you are to do when 
" = ‘ou leave college. The subject is a hackneyed one to 
ee a for I have given advice to students in various pre- 
aout vious years, but for you it is very different. You are 
OF the ing to have a pers novel experience, and the 
seu tis one of the mostfserious times of your lives. 
Pelion ‘As I look at your faces, I think of the many who have 
{per jeft me since I began to teach about twenty years ago. 
eched I have heard that some of my old students are now 
g eab drivers, some have occupied legislative and ad- 
. ministrative positions in this and foreign countries. 
Lusi Some are in Jo or India, in charge of large engineer- 
f w ing works. ome of my old Finsbury students, 
in its young as this college is, have already made their mark, 
ACTORS others are already showing that they are ‘ duffers.” 
A good mechanical engineer must be a fairly good 
sm of workman with his hands, but it is of even more im- 
tance that, whether or not he has twanual skill, 
he shall at an early age have worked side by side in 
the shops with men as one of themselves, gaining 
in slowly or quickly, as his sympathy and quickness may 
i have determined, that peculiar kind of experience 
re which is not to be obtained in any other way and 
iS without which a manager of works is a mere Moles- 
worth pocket-book bound in calf. How much more 
4 than a mere workman be can become depends partly 
ie on his having had a amy | good liberal education, 
tly upon his having had a good scientific educa- 
tion in mathematics, physics, and mechanics, and upon 
his power of drawing, but probably most of all upon 
80 his powers of imagination, his originality, his com- 
mon sense, Which lead to a cautious but respectful ap- 
at of preciation of new ideas. I admire very much the man 
ry hy- who believes so much in the mathematical theories 
» fire- given in books that he is ready with a formula at every 
Low- little difficulty in his practical work—I admire him, 


but I am not always able to imitate him. Indeed, 
you will find that one of your great troubles will be 
that you will dissociate your theory from your practi- 
eal work. However much you may believe in theory, 
you will often forget all about it or refuse to apply it, ex- 
cept when you are writing orreading. This is often due 
to the fact that you are aware of the incompleteness of 
mathematical theories in general, and it will gradually 
come home to you that the good mechanical engineer 
must have a far more extended theory about me- 
chanical things than is given in any book, or than he 
himself can formulate. 

Now let us consider how you are equipped for enter- 
ing the profession. About half of you can use the 
differential and integral calecuius ; you all have prac- 
tical knowledge of what is meant by a differential 
coefficient ; not one of you would, I am sorry to say, 
be able to satisfy an ordinary mathematical examiner, 
but I think that such knowledge as you have is handy ; 
it is a tool kept for use rather than show. Remember, 
however, that it is not possible for you to become too 
good a mathematician. Your drawing is excellent. 
Even at the end of your first session you could all turn 
out drawings as different as possible from ‘‘ drawing 
class” drawings. Not one worthy to be framed and 
admired by your fond female relations; but only a 
very experienced man could have told that your draw- 
ings had not come from a real drawing office. You 
cannot yet do any designing; that can only come 
after you have had the workinan’s experience. But 
if Il asked one of you to go to Glasgow to sketch 
a machine, he would come back with every dimen- 
sion right, not one missing, and he could turn out 
working drawings of that machine with ail its details 
in such a style that the men in a shop would respect 
them and think them made by a regular well-paid 
draughtsman. 

Of your work in practical geometry, chemistry, 
physics, and modern languages I need not speak. 
us consider your equipment in regard to mechanics ; 
you have had lectures, numerical exercise work, and 

boratory work on this subject. Among the numer- 
ous investigations which you have made in the labora- 
tory it is difficult to choose one rather than another 
to illustrate my system. Let us take this well-used 
fly wheel. The M of a fly wheel, multiplied by the 
square of its number of revolutions per minute, gives 
the kinetic energy stored up in it in foot pounds. You 
are asked to measure experimentally the M of this 
fly wheel ; the loop at the end of a cord goes over the 
1. pin A on the spindle, and is wrapped in turns round the 
spindle, then goes over the pulley, B, and hasa weigbt, 
0 W, at its end. At time, O, the wheel is iet go; in ¢, 
minutes—carefully observed—the cord drops off; in & 
minutes from starting, the wheel has been brought to 
rest again by friction. The weight, W lb., multiplied 
by the height in feet through which it has fallen, gives 
9 the energy stored up in the wheel at time ¢,, so that if 
the speed were then known, M could at once be calcu- 
lated. But as we have no speed indicator, we take it 
that the motion is uniformly accelerated till the cord 


we od 





0 

0 drops off, or we take ae as the revolutions per minute 

° i 
) atthe time ¢,. The corrections are of more interest. 
. We have first to deduct the kinetic energy of W when 
the cord drops off. Then we must make experiments 
are on the friction of the pulley, B, for the pull in the 
“4 cord at C is less than what it is at D, and these experi- 
ments are themselves very interesting, for they are 
ng made with the two parts, C and D, vertical, so that the 
_ parallelogram of force principle must be brought in to 
wake them available. Next we correct for the friction 
< at the pivots, E and F. And here we observe that the 
average speed from ¢, to t. is the same as from O to t,, 
~ and hence that from t, to t, the motion is uniformly 
— wetanded, and hence that there is as much energy 
"he Pea im any one revolution as in any other. If, 
a en, we know the number of revolutions from t¢, to 
aid 2 we know the energy wasted in one revolution, and 
ost © can correct for friction before the cord drops off; 
we 80 we make one correction after another, and 
ri » is hardly any limit to the amount of ingenuity 
ne antuired, as the corrections get less and less import- 
he t. I remember that four gray-headed men worked 
- ther at this piece of apparatus once in the 
ening for five weeks, and when at length they had 





themselves with their corrections, 





they 











practically used many times every important principle 
of mechanics, and they had acquired a handy working 
knowledge of all these principles. ‘ 

You will perhaps allow me to refer to one other il- 
lustration of my system. Thirty of us have a field day 
with the engine which drives the large dynamo machine 
lighting the college. Each of you has on more than 
one occasion acted as stoker and engine driver, as oiler 
and tester of machinery of this col lighting fires, 
taki indicator diagrams, weighing coals, opening 
and closing cocks, from seven in the morning till 
ten at night, so that the engine room is well known to 
allof you. We have three different steady loads dur- 
ing the trial. We divide into groups, and the half of 
each group ceases to take certain kinds of observation 
every ten minutes, and removes to another job. Each 
student takes the time at which he makes an observa- 
tion. These observations are—taking indicator dia- 
grams, checking the speed indicator, taking the tem- 
perature of the feed water, taking the quantity of feed 
water by the meter, whose accuracy you had tested 
already, taking the actual horse power poate through 
the dynamometer coupling on the shaft, whose ac- 
curacy some of you have measured ; taking the boiler 
pressure, the pressure in the valve chest, the vacuum 
gauges at the vaporizing condenser on the roof and in 
the engine room, the quantity of coals used, the cal- 
orific power of the coals having — been measured 
by you, and making other mechanical measurements ; 
measuring also the electrical horse power given out by 
the dynamo, the number of electric lights which are 
glowing, ete. 

Each of you reduces his own observations in the way 
already described to you. He finds his indicated 
horse power, the feed water per hour per indicated 
horse power, the water per hour shown by his diagrams 
_ indicated horse power, and so on; and when we 

ave gathered all our observations into a great table, 
and each of you has seen with certainty how the total 





























Tavera seeneeen: 








INSTRUMENT FOR MEASURING THE ENERGY 
OF A FLY WHEEL. : 


t | energy of the coal is distributed—so much up the chim- 


ney, in the steam jacket, in condensation in the cylin- 
der, to the condenser, in friction in the, engine, etc., 
ete.—he has obtained a practical knowledge of the 
steam engine which no amount of reading or listening 
to lectures could possibly supply. 

I need not apologize to you for showing you how you 
are equipped. I want to impress upon you the value of 
the training you have had. Like other men, you can 
make calculations from formule ; but just think of the 
results of the experiments made by you on friction at 
different speeds, and notice the light which they throw 
upon the insufficiency of the formule which you must 
employ in making calculations. They not only do this, 
but they give you courage to make calculations, for 
yes know now the extent of your ignorance and know- 

ge. 


Some of you will, I think, become eminent in the 
mathematics of engineering. I am sorry to say that 
many of you will fail to pass our examinations, and 
will not obtain the college certificate. Now that you 
are about to leave us, I may tell you that this certificate 
business does not matter so very much after all. You 
have all done your best, I think, and I have nearly as 
much sympathy with those who fail in examinations as 
with those who pass. I have had a large experience of 
men, and know that the race is not always to the ap- 
parently swift. There isa crucial question to be asked 
you. Do you like mechanical engineering in any 


of its aspects? Do you love to fiddle with mechanical 
things? Have you put into this line by your par- 
ents, or do you like it for itself? Would you prefer go- 


ing into the church, or into a bank, or have youa 
hankering after law or doctoring? If so, now is the 
time to act upon that instinct ; it is not too late; your 
education will not be wasted. However high ree may 
have been in an examination list, give the thing up! 
If, however, you iike mechanical engineering, stick to 
it, notwithstanding any failure to pass an examination. 
Far be it from me to disparage those who pass examin- 
ations well—you know that I honor them highly—but 
they will yet find out that some of their contemporaries 
whom they look upon as “ duffers”” will be magically 
successful as engineers if they love their profession, 
and bring to it the common sense in which few English- 
men are deficient. ; 

Hitherto you have been learning how to learn your 
trade. You have been learning the principles under- 


had lying a trade, but not the trade itself. You have, it is 





true, acquired a considerable amount of skill. Some of 
you can chip and file and scrape as well as any fitter in 
the country. Some of you can set a bit of work in the 
shaping machine as skillfullyas any man. But all this 
training has been given you that you may learn to be 
a good workman in three years instead of seven. 

Under the apprenticeship beeen of the middle ages 
a man learning his trade lived with his master almost 
like a servant; it was a friendly kind of relationship, 
and the master taught him his whole trade ; probably 
in the end he married his master’s daughter and suc- 
ceeded to the business. That system is now disap 
ing, except in some few parts of England ; at Sheffield, 
for instance, it still survives in a very modified form. 
But, of course, when a master has many hundreds of 
hands at the present day, a boy is pitchforked into the 
works, and it is nobody’s duty to teach him anything. 
I wish I had time to dwell on my own experience as an 
apprentice, rising gradually from three shillings a week 
in the first year, as duly noted on my indentures, by a 
shilling a week for seven years. Suffice it to say that I 
do not see why, with — training, you should not 
gain in two and a half or three years the skill and 
knowledge which the ordinary untrained boy, with 
much want: of self-respect, ontiveny often with harsh 
treatment from everybody, takes seven years to acquire. 

It is usual now, when a young man does not enter 
works as an ordinary apprentice—who is very often in 
these days not indentured—for him to enter as an ar- 
ticled pupil, paying a premium. In civil engineering, 
and many other professions, I think that there is no 
great objection to this system ; but in mechanical en- 
gineering, I think it a frightful mistake. No doubt, 
there are numerous exceptions to what I shall say. 
There are some young men who cannot be spoiled ; but, 
asa rule, the articled pupil has the right to loaf around 
as he pleases. He is not earnest in his work ; he ex- 
presses small regret when he breaks valuable tools or 
spoils his work. He has high and mighty notions of 
his importance ; he cannot use his hands, but, in his 
own opinion, * he can outsuperintend any circus man- 
ager.” He is afraid of dirty work ; he is altogether out 
of sympathy with the workmen from whom alone he 
can learn his trade, and in most cases he has to try to 
learn some other profession at the end of his appren- 
ticeship. 

And now, at last, I have come to the advice which I 
have to give you. You must enter a general engi- 
neering shop at once. You must find such a shop| 
where you will be taken without premium for two or 
twoand ahalf years. You will find that masters have 
a prejudice against young men coming from a college. 
We are gradually living this prejudice down. But 
there it is, and it must be taken into account. I have 
had it myself when I have been a manager or an em- 

loyer, for the young man from the college is often a 
rightful nuisance in a shop. You must not only pay 
no premium, but you must get some wages, however 
small, from the beginning ; for if you are in receipt of 
wages you will at ail events try to be worth your pay, 
and you will have a very valuable feéling of responsi- 
bility. Those of you who have most money to spare 
will derive most benefit in following this advice. The 
father of an old pupil came to me once, and almost 
with tears in his eyes begged me to let his son enter 
works, paying a premium, as the son would not do it 
without my consent, and I refused. 

Here, then, on your leaving the college you have 
something to do which will test your fitness to become 
engineers. Talk with any experienced man on the sub- 
ject, and he will tell you that it is impossible for you 
to obtain the sort of work I speak of; and now I say 
that an engineer is a wan who often attempts to do 
what other people say is impossible. You must inter- 
view masters and managers and foremen—you must 
not feel so disheartened after twenty failures but that 
you can go to the twenty-first shop as gayly as to the 
first. I say to you that it is quite possible for you to 
obtain just such work as I have described, and it is of 
the utmost importance to you that you should obtain 
it. Some old Finsbury students have tried shops all 
the way from London to Leith before succeeding. Here 
are letters from nearly all my old Finsbury students ; 
most of them describe their difficulties and their great 
appreciation of a good job when they obtained it. 

ere is a letter from one of our Dest students of last 
year: he stayed two months at home in the country, 
writing innumerable letters. I convinced him that he 
could never succeed in this way, and then he went off 
on his personal search for work, and after several dis- 
appointing days at last obtained ag such a job as I 
have described. Any one of you who fails to succeed 
in this quest may rest satisfied that he has too little 
fortitude, courage, and patience to become a successful 
engineer. And you need not think that in this persist- 
ent and modest search for the only kind of work which 
can complete your education you are wanting in man- 
liness. We do not think a member of Parliament 
wanting in manliness when he canvasses a constituency. 
Almost every old Finsbury student has su in 
this quest which so many people have told them is an 
absurd one. [Here Professor Perry read extracts from 
numerous letters from old students, describing their 
work. Some of them are preparing for Whitworth 
panne na p> or engineering degrees in the Royal Uni- 
versity of Ireland. All of them were enthusiastic as to 
the result of their following the above instructions.] It 
is not good to get work too easily, as you will not ap- 

reciate correctly such a job as I have spoken of unless 
it is the result of a number of personal applications. 

And now as to your behavior in the shops. Remem- 
ber that your aim is to learn all that workmen can 
teach you. There must be no shirking of hard work, 
or rough work, or dirty work, no fear of working over- 
time should it be necessary ; you must welcome a sud- 
den eall for unusual exertion as a new and valuable ex- 
perience. Remember, too, that you must learn from 
the men; who else is there to teach you the trade? 
Now some of these men are ignorant of theory, 
many of them are prejudiced in curious ways, but 
don’t fall into the common mistake that because a 
workman has not read much, and knows but little of 
thermodynamics, that therefore he is an ignorant man. 
I knew aman who could barely read or write who was 
one of the cleverest engineers I ever knew. No one so 
valuable as he in a breakdown of an engine. He could 
take indicator cards and set almost any kind of 
valve motion with an instinctive perception of what it 


was just right to do, which always excited my ir- 
ation, If you treat workmen sym y, you will 
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find that, as a rule, they are very good men, good citi- 
zens, trying their best to make the world better, and 
helping each other to quite an nee | extent. 
But if you go among them asif you were china and 
they were crockery, if you put on “side” and swagger 
about your poor, pitiful theoretical knowledge,if you let 
them see that you come of better blood, if you scorn 
them because your families are well to do in the world, 
if, in fact, you do not let it be seen in all your actions 
that you regard them as men and superiors—for be 
sure they are your superiors until you acquire their 
skilland knowledge—then you may bid good-by to all 
idea of help from them, and you may bid good-by to 
the idea that you will ever be able to lead men, either 
asa foreman or manager of works, If you want to see 
all their evil qualities, treat them as inferiors ; if you 
want to see all their good qualities, treat them ge x 
theticaily as if they were really of your own flesh and 
blood, Of course there are black sheep among them, 
as there are some black sheep among yourselves, but 
remember that not one of them is as black as you will 
think him to be. The advice lam giving you 1 never 
needed myself. I never yet came in contact with a 
decently skillful workman without feeling his superior- 
ity to myself; and I seldom meet m4 man who does 
not impress me in some direction with his superiority 
to myself, and I have never regretted letting such a 
man know, in some unobtrusive way, what I thought 
of him. 

As for study, keep up your reading if possible. It is 
so very difficult to read after a hard day’s work—I used 
often to go to sleep over my books—that I regard men 
who go toevening classes as quite exceptional men. 
But keep up your reading as much as possible. As to 
the cultivation of your imaginations, | am sorry to 
think that young men of twenty years ago were in a 
better position than you. They had read novels and 
poetry, they danced, and were fond of music. It is ra- 
ther useless to give advice to you on this head. 

There is one very important matter on which I wish 
to touch, and then I shall have done. Some of you in- 
tend, I think, to try for scholarships at certain more 
advanced engineering colleges, so as to proceed with 





your college studies for another three years. Now I | flow takes place from the vascular bundles forming the 
want you to understand that I appreciate at their | so-called venation of the leaf, coming directly from the 
| wood of the stem. 


proper high value the temptations offered you—to ob- 
tain scholarships, to get an advanced, thorough, mathe- 
matical training, to work in Professur ——’s laboratory, 
and listen to his teaching. 


Your ages are now on an average seventeen years. 
you enter the shops now, you can become good work- 
men; but if you enter shops at the end of another 
three years—and without entering shops, how is it pos- 
sible to become mechanical engineers ?—you will not 
be able to learn. It will be too late to make boys of 
yourselves at the ages of twenty, or twenty-one, or 
twenty-two years. Having had a most perfect theo- 
retical training, to put yourselves meekly and modestly 
under the orders of a workman; to accept his state- 
ments without a little sneering or verbal protest ; at 
an age when you will be thinking of love making and 
dressing like a ‘“‘masher ;” to roughen your hands in 
doing coarse, dirty work ; the thing is impossible. Why 
even |, at the age of fifteen, with nobody to advise me, 
found that I could not become a good workman for 
this sort of reason, because I had a pitiful little know- 
ledge of mathematics, and chemistry, and physics, and 
held myself above iy work, and greatly have I regret- 
ted it since. No; | advise you to go at once to works, and 
at the end of two or three years get one good session's 
teaching from Professor ——. Think of going to his 
magnificent laboratory with your present equipment, 
and in addition a real knowledge of actual work. You 
will learn more in one session after your training in the 
works than you can learn now in three, and you will 
have learned besides to be a thoroughly good workman, 
at _ only time of your life when such a thing is pos- 
sible. 





(Natures.] 
TIMBER, AND SOME OF ITS DISEASES.* 
By H. MARSHALL WARD. 
VIII. 


I¥ the leaves are stripped from a timber tree early in 
the summer, or during their young conditions in the 
spring, the layer of wood produced in the current 
year—and probably even that formed next year—will 
be pos and thin. Thisis simply a fact of observation, 
and does not depend on what agent deprives the tree 
of its leaves, hose oaks which suffered so greatly 
from the ravages of certain tiny caterpillars this last 
summer (1887)—inany of them having all their leaves 
eaten away before July—will have recorded the disas- 
ter by athin annual ring of wood. It is true the more 
vigorous trees produced (at the expense of what stores 
of food materials remained over) a second crop of leaves 
in August, and so no doubt the zone of wood will prove 
to be a thin double one, but it is at the expense of next 
year's buds. 

Now there are very nany foes which injure the leaves 
of our timber trees, and i wish to show, as clearly as 
possible in a short article, how it comes about that in- 
jury to the leaves means injury to the timber. The 
sum total of the matter is that the substances which 
are to be sent down to the cambium, and converted 
through its agency into wood, are produced in the cells 
of the leaves; consequently, from our point of view, 
when an insect or a fungus consumes the substance of 
the leaves, it consumes timber in prospective. Similar- 
ly, when the leaves are removed from a tree by any 
agent whatever, the latter is robbed in advance of 
timber. A leaf, generally speaking, is an extended, 
flattened portion of a branch, covered bya continua- 
tion of the epidermis of the branch and containing a con- 
tinuation of its other tissues—the vascular bundles of 
the branch being continued as the venation, and the 
cellular cortex reappearing as the green, soft tissue of 
the leaf. The epidermis of the leaf is so pierced at hun- 
dreds or thousands of nearly equidistant points, that 
gases can enter into or escape from all its tissues; at 
these points are the so-called stomata, each stoma being 
a little apparatus which can open and close according 
to circumstances, 





To men like you and me|intot 
these are very great temptations; but let me tell you | pure water. 
that these temptations ought not to be yielded to. | of salts of lime, potash, magnesia, nitric, sulphuric, 
f|and phosphoric acids, as well as a little common salt, 


between the loose cells of the softer leaf tissue, and 
if we supposed a very minute creeping organism to 
enter oneof the stomata, it would find itself in a laby- 
rinth of cama ie gene Supposing it able to 
traverse these, it could pass from any part of the leaf 
to any other between the cells; or it could emerge 
again from the leaf at thousands of places—other sto- 
mata. In traversing the whole of the labyrinth, how 
ever, it would over many willions of times its 
own length. oreover, it would find these intercellu- 
lar passages filled with a varying atmosphere of diffus- 
ing gases—oxygen, nitrogen, the vapor of water, and 
carbon-dioxide being the chief. It would also find the 
cell walls which bound the sages damp, with water 
continuous with the water in the cells. If we sup 
our hypothetical traveler threading the 1wazes of these 
passages at night, and able to perceive the changes 
which go on, it would find relatively little oxygen and 
relatively much carbon-dioxide in the damp atmo- 
sphere in the passages ; whereas in the daylight, if the 
sun was shining brightly on the leaves, it would find 
the atmosphere rarer, and relatively little carbon-diox- 
ide present, but an abundance of oxygen. These 

s and vapor would be slowly moving in and out 
at the stomata by diffusion, the evaporation of the 
watery vapor especially being quicker on a dry, hot, 
sunny day. 

Inside the cells between which these tortuous pas- 
sages run are contained structures which have much 
to do with these changes. Each of the cells I am 
considering contains a lining of protoplasm, in which 
a nucleus, and a number of small protoplasmic gran- 
ules, colored green, and called chlorophyll corpus- 
cles, are embedded. All these are bathed in a watery 
| cell sap. 
| Now, putting together in a general manner some of 
| the chief facts which we know about this apparatus, 
it may be said that the liquid sap inside the celis gives 
off water to replace that which escapes through the 
damp cell walls, and evaporates into the above named 
passages and out through the stomata, or at the sur- 
face. This evaporation of the water is in itself the 
cause of a flow of more water from behind, and this 





The course of this water, then, is 
from the soil, through the roots, up the young wood 
and into the venation of the leaf, and thence it isdrawn 
he cells we are considering. But this water is not 
It contains in solution small quantities 


and traces of one or two other things. It is, in fact, of 
the nature of ordinary drinking water, which always 
contains minute quantities of such salts. Like drink- 
ing water, it also contains gases (oxygen, nitrogen, car- 
bon-dioxide) dissolved in it. 

It follows from what has been said that the cell sap 
tends to accumulate small increasing quantities of these 
salts, ete.,as the water passes away by evaporation. 
But we must remember that the living contents—the 
protoplasm, nucleus, and the green chlorophyl cor- 
puscles—use up many of these salts for their life pur- 
poses, and other portions pass into the cell walls. 

It will thus be seen that the green chlorophyl cor- 
puscles are bathed bya fluid cel! sap, the dissolved 
gaseous and mineral contents of which are continually 
changing, even apart from the alterations which the 
life processes of the living contents of the cell themselves 
entail. We may say that the chlorophyl corpuscles 
find at their disposal in the cell sap, with which they 
are more or less in direct contact, traces of salts, oxy- 

en, carbon-dioxide, and of course water, consisting of 
1ydrogen and oxygen. 

Now we have the best possible reasons for knowing 
that some such changes as the following occur in these 
chlorophyll corpuscles, provided they are exposed to 
sunlight. They take up carbon-dioxide and water, and 
traces of minerals, and by means of a molecular mech- 
anism which is as yet unexplained in detail, they per- 
form the astonishing feat—for it represents an aston- 
ishing transformation when regarded chemically and 
physically—of tearing asunder, by the aid of the light, 
the carbon, hydrogen, and oxygen of the carbon-diox- 
ide and water, and rearranging these elements in part 
so as to forma much more complex body—starch, or 
- allied compound, oxygen being at the same time set 
ree. 

It is, of course, not part of my present task to trace 
these physiological processes in detail, or to bring for- 
ward the experimental evidence on which our know- 
ledge of them is based. It must suffice to state that 
these compounds, starch and allied substances, do not 
remain in the chlorophyl corpuscles, but become dis- 
solved and carried away through certain channels in 
the vascular bundles of the venation, and thence 
to wherever they are to be employed as food. he 
chemical form in which these substances from one 
cell to another in solution is chiefly that of grape sugar, 
and it is a comparatively easy observation to make that 
the cells so often referred tocontain such sugar in their 


sap. 

We are only concerned at present with the fate of a 
portion—but a very large portion—of this starch and 
sugar. Wecantrace themdown the vascular bundles 
of the venation, through the leaf stalk, into the 
cortex, and eventually to the cambium cells, and it 
is necessary to be quite clear on the following points: 
(1) The cambium cells, like all other living cells which 
contain no chlorophyl, need to be supplied with such 
foods as sugar, starch, etc., or they starve and perish ; 
(2) since these foods are prepared, as we have seen, 
in the leaves, and in the leaves only, it is obvious 
that the vigor and well-being of the cambium depend 
on the functional activity of the leaves. 

We have already seen how the cambium cells give 
rise to the young wood, and thus it will be clear how 
the formation of timber is dependent on the function- 
al activity of the leaves. oreover, it ought to be 
mentioned, by the way at least, that it is not only the 
cambium which depends upon the leaves for its sup- 
plies—all the roots, young buds, flowers, and fruits, 
etec., as well as the cortex and cork-forming tissues, are 
competitors forthe food supply. Now itis clear that if 
we starve the buds, there will be fewer leaves develop- 
ed in the following year, and su next year’s cambium 
will again suffer, and so on. 

I have by no means traced all the details of even the 


5 
and tissues for the food supplies from the leaves. but 
probably the following proposition will be cenerally 
clear: If the leaves are stripped, the cambium suffers 
starvation to a greater or less extent, depending on the 
intensity of its competition with other tissues, ete, (gf 
course a starved cambium will form less wood, and, jt 
may be added, the timber will be poorer. . 

Again, even if the leaves are not stripped quick) 
from the tree, but the effect of some externa! agent 
to shorten their period of activity ; or tooccupy s 
on orin them, and so diminish the amount of leaf gur. 
face exposed to the light and air; or to block up their 
stomata, the points of egress and ingress for gases 
water ; or to steal the contents of the cells—contentg 
which should normally be passed on for the growth 
ete., of other parts of the tree—in all or any of 
these ways injury to the timber may accrue from the 
action of the agent in question. Now there are num. 
bers of parasitic fungi which do all these things, and 
when they obtain a hold on pure plantations or fo 
they nay do immense injury before their presence jg 
detected by any one not familiar with their appearange 
and life histories. 

The great difficulty to the practical forester who at. 
eee oer to deal with these “leaf diseases” is at least 
twofold ; for not only are the leaves so numerous and 
so out of reach that he can scarcely entertain the ideg 
of doing anything directly to them, but (and this is by 
no means so clearly apprehended as it should be) they 
stay on the tree but a short timeasarule, and when 
they fall are a continual source of re-infection, because 
the spores of the fungi are developed on them. It isa 
curious fact that those fungi which are known to affeet 
the leaves of forest trees nearly all belong to two high- 
ly developed groups—the Uredinee and tie Ascomy- 
cetes—and the remarkable biological adaptations 
which these parasites exhibit for attacking or entering 
the leaves, passing through periods of danger, and so 
on, are alinost as various as they are numerous. Some 
of them, such as the Hrysiphee or mildews on beeches, 
oaks, birches, ashes, etc., only form small external 
patches on the leaves, and do little if any harm where 
the leaf crown is large and active. Others, such ag 
many of the very numerous Sphe@riacee and their al- 
lies, which form small dark-colored flecks and spots on 
leaves, nay also be looked upon as taking only a slight 
tax from the leaves. Even in these cases, however, 
when the diseases become epidemic in certain wet sea- 
sons, considerable damage may accrue, because two 
chief causes (and many minor ones) are co-operating to 
favor the fungus in the struggle for existence. In the 
first place, a continuously wet suminer means loss of 
sunlight and diminished transpiration, etc., to the 
leaves, and so they form smaller quantities of food ma- 
terials ; and secondly, the damp in the atmosphere and 
leaves favors the fungi, and so they destroy and occupy 
larger areas of leaf surface. 

It should be mentioned here, by the way, that ail 
leaves of all trees are apt to have fungi on them ina 
wet summer, but many of these are only spreading 
their mycelia in all directions over the epidermis, in 
preparation, as it were, for the fall of the leaf; they 
are saprophytes which feed cn the dead fallen leaves, 
but cannot enter into them while vet alive. In some 
cases, however, this preparation for the fall is striking- 
ly suggestive of adaptation toward’ becoming para- 
sites. I will quote one instance only in illustration of 
this: On the leaves of certain trees in Ceylon, there 
was always to be found in the rainy season the iouch- 
branched mycelium of a minute Spheria. This form- 
ed enormous numbers of branches, which on the older 
leaves were found to stop short over the stomata, and 
to form eventually a four-celled spore-like body just 
blocking up each stoma on which it rested. So long as 
the leaf remained living on the tree, nothing further 
occurred ; but wherever a part of the leaf died, or 
when the leaf fell moribund on the ground, these spore- 
like bodies at once began to send hyphe into the dying 
tissue, and thus obtained an early place in the struggle 
for existence among the saprophytes which finished the 
destruction of the cells and tissues of the leaf. 

There is another group of fungi, the Capnodiee, 
which form sooty black patches on the leaves, and 
which are — apt to increase toa dangerous extent 
on leaves in damp, shady situations. These have no 
connection with the well known black patches of 
Rhytisma from which the leaves of our maples are 
rarely free. This last fungus is a true parasite, its my- 
celium penetrates into the leaf tissues, and forms large 
black patches, in and near which the cells of the leaf 
either live for the benefit of the fungus alone, or en- 
tirely succumb to its ravages. After the leaf bas fallen, 
the fungus forms its spores. Nevertheless, although 
we have gone a step further in destructivenes, foresters 
deny that much harm is done to the trees—no doubt 
because the foliage of the maples is so very abundant. 
—— pines, and firs suffer from allied forms of 

ungi. 

But itis among the group of the Uredinee or rusts 
that we find the most extraordinary cases of parasitisw, 
and since some of these exhibit the most highly devel- 
oped and a adaptations known to us, | propose 
to select one of them as the type of these so-called * leaf 
diseases.” This form is Coleosporium Senecionis (Pert- 
dermium Pini), rendered classical by the researches of 
several excellent botanists. 

It is true, Coleosporium Senecionis is not in some re- 
spects the most dangerous of these fungi—or, rather, it 
has not hitherto been found to be so—but in view of 
the acknowledged fact that foresters have not as yet 
been able to devise practical measures against the rav- 
ages of these numerous rust fungi, and since we are a8 
yet very ignorant of the details of the biology of most 
of them, it seems advisable to choose for illustration 4 
form which shows in a distinct manner the complexi- 
ties of the subject, so that those interested may see in 
what directions biologists may look for new results. 
That the story of this fangus is both complicated and 
of great biological interest will be sufficiently evident 
from the mere recital of what we know concerning it. 

(To be continued.) 

To MEND BROKEN MARBLE.—Take plaster of Paris, 
soak in a saturated solution of alum, then bake in ap 
oven, after which grind to powder. It is then used a8 
wanted, being mixed with water and applied. It sets 
into a very hard composition, capable of taking & 
very high polish, and may be wixed with various cok 
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THE ELDER STATUE. 


Ove illustration shows the statue lately erected at 
by public subscription, to the memory of John 

Gomee gineer and ship builder. 
= Kider was bern in Glasgow on March 8, 1824, 
received his elementary education in the high 
of that city. In those arts associated with me- 
‘eal science he was an apt pupil, and made rapid 
in acquiring the fandamental principles which 
in after years, SO successfully carried into practice. 
The only university education he received was in the 
civil engineering classes in the Glasgow College. The 
workshop was, indeed, his great school, and his father 
yas bis wost painstaking and valuable teacher. He 
served bis appreuticeship of five years as an engineer 
with Robert Napier, under the direct control of his 
father, David Kider, and after a brief sojourn in one or 
two works in England, he returned to Napier’s works 
totake charge of the drawing office. Here he gained 
great experience. In 1852 he joined the firm of Ran- 
dolph, Eiliott & Co., who were then willwrights, but 
on the accession of young Elder became marine engi- 
neers, the title of the firm being at the same time 
to Randolph, Elder & Co. Shipbuilding was 
added in 1860, and eight vears afterward John Elder 
became sole proprietor, but ee the title was 
changed to John Elder & Co. he subject of this 
notice was seldom content with machines and tools as 
he found them, and was continually improving. His 
t idea was to add to the efficiency of the ma- 
rine engine by reducing the friction of the parts, 
increasing the power, and at the same time decreasing 
theconsumption of fuel. Among his first acts was to 
experiment on Watt’s old steain jacket, greatly improv- 
ing it, and he thereby brought it again into favor. 
The crowning act of his genius, however, was the ap- 
plication to the marine engine of the principle of 
expanding steam in two cylinders, now called the high 
aud low pressure cylinders. The new engine was de- 
sribed by himself in the patent taken out by Charles 
Randolph and himself on January 24, 1853, as ‘an ar- 
rangement of compound engines adapted to the driving 
of theserew propeller. The engines are vertical, direct 
acting, and geared. The pistons of the high and low 
pressure cylinders move in contrary directions and 
drive diametrically opposite cranks with a view to the 
diminution of strain and friction.” These engines were 
placed in the SS. Brandon, built in 1854. In July the 
vessel went on her trial, which was closely watched by 
all engineers. The consumption of fuel was reduced 
from about 444 lb. per indicated horse power to 344 |b. 
Encouraged by the success of this, the first venture, 
Mr. Elder continued his experiments and made several 
improvements on the engine. The Admiralty, in 1863, 
adopted, in the Constance, the compound engine as 
improved, and to test the invention in a thorough way, 
this vessel, with two of similar dimensions, Octavia and 
Arethnsa, having other kinds of engines, went on a 
trip from Plymouth to Funchal, in Madeira. When 
the Vonstance was within 30 miles of Funchal, she was 
130 knots abead of the Octavia and 200 knots from the 
Arethasa. The engines of the latter two had then to 
be stopped, owing to the coal on board being nearly 
exhausted, and they finished the distance under can- 
vas. The superiority in power of the Constance’s en- 
gines was established, and her consumption of coal per 
indicated horse power was less, being 2°51 lb., while it 
was 3°17 lb. in the Octavia and 3°64 lb. in the Arethusa. 
The mean indicated horse power of the engines in the 
three vessels during the trip was 1747, 1399°8, and 1052 2 
respectively. In other respects, too, the Constance 
gained the advantage, and so thoroughly was the value 
of the compound engine established that it was almost 
universally adopted thereafter. Mr. Elder and his 
partner continued to improve the engine, over a dozen 
patents being taken out by them for various apparatus, 
but it is too late in the day to write more on the 

subject. 

The Elder statue, as is most fitting, is erected within 
the bounds of the beautiful park of 37 acres given by 
Mrs. John Elder to the people of Govan, at a cost of 
upward of 50,0007. It is situated in the west end of 
Guvan, opposite the Fairfield works, which by the 





genius and perseverance of John Elder attained such 
an eminent position among shipbuilding and engineer- 
ing establishments. The park, as is testified by an in-| 
sription on the band stand, was laid out by his widow | 
asa memorial of her husband, John Elder, and his 
father, David Elder, both of whom had always taken 
adeep interest in the working classes. While such a 
gift was well fitted to remind passing generations of 
the man, the people of Govan had decided to do some- 
thing as much to show their respect for and gratitude 
to the man as to commemorate his name his genius, 
and his good deeds. The beautiful erection which we 
illustrate is the result of this decision. 

Mr. J. E. Boehm, R.A., the artist, must be congratu- 
lated on the excellence of the production, not only from 
a artistic point of view, but in consideration of the 
good likeness. In effecting the latter, he was assisted 
Principally by a bust of the late Mr. Elder, executed 
by Mr. Power, of Florence, and by photographs. The 
statue, which is 10 ft. in height, represents John Elder 
standing in an attitude which those who knew him 
best will at once recognize as a favorite one. It is easy 
- very graceful. The countenance clearly indicates 
en reflective habits of the man, while the contented, 
: ‘uost sweet, smile in the eyes betokens a measure of 
— This one might reasonably trace from his 
flance to the compound engine, a model of which 
cunts on his left side, and which his hand touches 
hee nely. The pose of the head, which slightly in- 
- es forward to enable the eyes to rest on the engine, 

ust have been a difficult one to model; but it has 

Successfully done, and the statue, as we have 
4 ady hinted, isa true example of Mr. Boehm’s art. 
was cast in bronze at the works of Mr. Moore, of 
ames Ditton, Surrey. 
is ar emraat J on which the statue and engine stand 
pedestal = height, and the base is 9 ft. square. The 
red P proper is aan’ of three massive blocks of 
tterhead granite highly polished, elevated on two 
pared finely axed gray Aberdeen granite. The red 
im locks, which make up the larger and more 
Pv we part of the structure, are magnificent stones 
rilliant color.” It is difficult to find such large 





of this mineral without large spots of dark 
on ac very much detract from its beauty, but 
Sculptors in this case have been fortunate in get- 





ting stones remarkably free from this disfigurement. 
The designer has been equally happy in the adorn- 
ment. ‘The mouldings of the upper base and the 
cornice of the pedestal, the only carvings on the struct- 
ure, are similar to those usually found on pedestals of 
Corinthian columns, but boldly treated to suit the ma- 
terial. The ogee moulding on both base and cornice 
is covered by bronze acanthus leaf ornament, sup- 
lied by the sculptor. The effect is to very much en- 
ce the appearance of the dado, which on all four 
sides is about 5 ft. high by 4 ft. broad. On each side 
there is a recess into which has been fitted a bronze 
panel, and each of these tablets bears a different in- 
scription as appended. The order in which the para- 
graphs are given indicate the inscriptions on the front, 
right, left, and back panels. 

*John Elder, engineer and shipbuilder, born at 
Glasgow, March 8, 1824, died September 17, 1869.” 

“To commemorate the achievements of his genius, 
and in grateful acknowledgment of his services to the 
community among whom he lived, this statue was 
erected by public subscription, July, 1888.” 

‘* By his many inventions, particularly in connection 
with the compound engine, he effected a revolution in 
engineering, second only to that accomplished by 
James Watt, and in great measure originated the de- 
velopments in steam propulsion which have created 
modera commerce.” 

“ His unwearied efforts to promote the welfare of the 
working classes, his integrity of character, firmness of 
purpose, and kindness of heart, claim, equally witb his 
genius, enduring remembrance.” 





THE JOHN ELDER MEMORIAL. 


The pedestal is surrounded by a number of pillars 
made of Aberdeen gray granite, connected by wrought 
iron chains. The sculptor work was done by Messrs. 
Alex. MacDonald & Co., limited, at their celebrated 
Aberdeen granite works. The red and gray granite 
blocks, of course, are from their own quarries, and were 
worked at Aberdeen. The statue was also raised into 
position by them at the request of Mr. Boehm. 

An interesting ceremony took place during erection 
of the masonry. Ex-Provost Campbell, Govan, who, 
as chairman of the executive committee, has taken an 
evergetic part in carrying out the proposal, placed in 
a cavity in the center of one of the stones forming the 
pedestal a casket containing several documents con- 
nected with John Elder and his family, including a 
portrait in enamel of the deceased gentleman, a photo- 
graph of his wife, an engraved portrait of his father, a 
printed memoir of John Elder, a patent specification 
of improvements by John Elder on steam engines and 
boilers, marked *‘ A.D. 1882, 25th April, No. 1214,” and 
several documents in connection with the Govan Park 
and burgh. The casket was hermetically sealed, and 
on the cavity itself was placed a granite cover similarly 
sealed.— Hngineering. 








ELECTROLYSIS BY ALTERNATE CURRENTS. 


A VERY interesting paper has been communicated 
to the Academie des Sciences by MM. G. Maneuvrier 
and J. Chappuis with reference to the evolution of gas 
by means of alternate currents. When alternate cur- 
rents are sent through an ordinary voltameter, with 
plates or large platinum wire electrodes immersed in 
water acidulated with pure sulphuric acid, no evolu- 
tion of gas occurs, and it appears as if the acidulated 





water were not decomposed at all by alternate currents. 
For instance, with current of four or five amperes at 
250 to 300 volts, which would easily light either are or 
incandescent lamps, no traces of evolution of at the 
electrodes can be observed, provided the dimensions 
of the electrodes exceed one millimeter (, in.) diameter, 
and four or five centimeters (14¢ in. or 2 in.) in length. 
The opinion has thus been promulgated that alternate 
currents do not produce electrolytic action. But the 
authors observe that this opinion is erroneous, and the 
absence of electrolytic action isonly apparent. If very 
fine wires are substituted for large electrodes in the 
voltameter, the same alternate currents immediately 
cause an abundant discharge of gas. The authors con- 
sider that a double chemical action goer on where large 
electrodes are used, and indicate that, with proper pre- 
cautions, the reactions, direct and indirect, are strictly 
proportionate to the quantity of electricity traversing 
the voltameter. The total effect may be realized by 
utilizing the double chemical effect by forming sub- 
oxides, and in this manner it would be possible to con- 
struct an electric meter for use on alternate current 
systems. They remark, however, that the evolution 
of explosive gases in this way renders the experiments 
exposed to continual small spontaneous explosions if 
certain precautions, which they intend to indicate in a 
further communication, are not taken. 








ON THE PROPER SIZE OF TELEPHONE 
CONDUCTORS. 


By DAvip Brooks. 

THE long distance telephone company work metal- 
lie circuits of No. 16 American gauge between Phila- 
delphia and New York, the length of conductors being 
slightly over 200 miles, the distance by line being 100 
miles, four miles of which are under ground or water, 
making eight miles of conductors under ground and 
water. The telephones work well; far better, indeed, 
than the local service in the city for even as short a 
distance as one quarter of a mile, even if they use the 
sale gauge conductor. With the metallic circuit the 
resistance is fully eight hundred times that of these 
short lines. I mention this to show that conductivity 
or low resistance has very little to do with good tele- 
phonic service. In the one instance we get rid of 
inductive disturbances, and in the other we do not. 
Take an ordinary circuit, say one mile in length. Say 
that each receiver has a resistance of 100 ohms, and the 
induction coil 300 ohms, making a total of 400 ohms for 
the resistance of one instrument. Calling the conduct- 
or 20 ohins, we have a total resistance of 820 ohwis in the 
circuit. Now, substituting a No. 21 gauge conductor, 
which has a resistance of about 70 ohms per mile, we 
have increased the resistance of the circuit about six per 
cent., and theoretically increased the magnetic effect 
six percent. Now the No. 16 gauge wire has twice the 
surface of the No. 21 gauge, and gathers twice the 
quantity of inductive disturbance. It has twice the 
electro-static capacity and twice the retardation if elec- 
tro-static capacity and retardation are identical. 

There is no trouble hearing the voice in these short 
circuits in either case, but the difficulty lies in getting 
distinct articulation. As an illustration. we have a 
telegraph cable of 583 conductors on the Pennsylvania 
Railway between Broad and Thirty-second streets, a 
distance of 144 miles. es of the conductors 
are in use, mostly for telegraphic purposes. The other 
25 are idle. Using one of the wires with the telephone, 
it works fairly well, but if we bunch all the idle wires 
at each end and use them as a single conductor, we re- 
duce the resistance of the conductor twenty-fivefold, 
and we increase the inductive disturbances to that ex- 
tent, and develop a noise resembling that of a iillion 
promiscuously-tuned Chinese gongs. We can get no 
speech over that bunched conductor. 

There is another view which may be taken of the 
éase and the effects ascribed to self-induction, or as our 
European electricians now express it, ‘‘ electro-static 
inertia.” In reference to that phenomenon I will quote 
from Dr. Oliver J. Lodge. e states: ‘There is a 
remarkable fact concerning electrical currents of vary- 
ing strength, which has been lately brought into 
prominence by the experimental skill of Prof. Hugnes, 
viz., that a current does not start or stop equally and 
simultaneously at all points in the section of a con- 
duetor, but starts at the outside first. The fact is 
naturally more noticeable with thick wires than with 
thin, and it is especially marked in iron wires. . 
To illustrate this matter further, rotate a common 
tumbler of liquid steadily for some time and watch the 
liquid, pene ate ms perhaps, over it to make it nore 
visible, you will see first the outer layer begin to partici- 
pate in the motion and then the next, and then the 
next, and so on, until at length the whole is in rotation. 
Stop the tumbler and the liquid also begins gradually 
to stop by a converse process.” Again he states: ** We 
learn from all this that whereas, in the case of steady 
currents, the sectional area and material of the conduct- 
or are all that need be attended to, the case is different 
when one has to deal with rapidly alternating currents, 
such as occur in a telephone.” 

I am not familiar by practice or experiment with 
electro-static inertia, but infer from what I read that it 
is unfavorable for the use of large sized conductors for 
telephone purposes. I am firm in the belief, however, 
that small conductors, when used for ordinary lengths, 
are far preferable to those that have been heretofore 
employed. That for overhead wires strung on poles or 
house tops, a phosphor-bronze conductor, on account of 
its strength and small diameter, is far superior to iron or 
copper, because it can be made with very small dia- 
meter, and yet have sufficient strength and conductiv- 
ity. I believe also that there have been thousands or 
hundreds of thousands of dollars spent for copper 
which could have been saved and a better service ob- 
tained by using smaller sized conductors. 

Before the conductors referred to in the iron pipe 
were connected to the overhead conductors, a number 
of experiments were made with telephones, using the 
iron pipe for the return circuit, so as to compare its 
effect with that of the complete copper metallic circuit. 
No inductive disturbance was perceived in either case, 
nor did the copper metallic circuit show any advantage 
over the circuits using the pipe for the return current. 
In the center of the cable is a smaller sized wire, No. 18 
American gauge, upon which we still use telephones ; 

d, although there are heavy dynamo currents upon 
our of the No. 16 conductors in the same cable, or 
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group, the No. 18 conductor for tele purposes, 
using the pipe for the return cireuit, works mach 
clearer and better than any of the cireuits of the local 
telephone company, whose wires are strung upon poles 
or house tops. 

Aud this brings to my mind a suggestion of Oliver 
Heaviside, that electro-static inertia, or self-induction, 
might be neutralized by mutual induction, since it does 
appear that the iron pipe has something to do with the 
good working of the telephone conductor.—The Elec- 
trical World. 


THE MECHANISM OF ELECTROLYSIS BY 
ALTERNATING CURRENTS. 


Ir is considered as an established fact, say MM. J. 
Chappuis and G. Maneuvrier in Comptes Rendus, that 
we cannot decompose sulphate of copper by alternating 
currents. The absence of all electrolytic phenomena 
in this case is explained by supposing that the cones 
deposited on each electrode is immediately redissolved 
by the inverse current. This negative experiment is 
even presented asa proof of the equality of the two 
successive induced currents as far as their quantity of 
electricity is concerned, We have been enabled to 
justify this explanation by rendering the decom posi- 
tion of sulphate of copper visible, just as we have done 
with acidulated water, though this novel experiment 
is both more complex than the former (Comptes Rendus, 
June 18, 1888) and more difficult to carry out. 

If we substitute in the platinum wire voltameter a 
strong solution of sulphate of copper for the acidulated 
water, currents of a mean intensity of 24¢ amperes, 
which previously produced a plentiful escape of deto- 
nating gas, ane A nothing in the sulphate except a 
considerable heating, but if we then reduce the dimen- 
sions of the electrodes to 0°1 millimeter in diameter and 
20 millimeters in length (= about 6 square uillimeters 
of surface), there appears at once an escape of gas and a 
deposit of copper. 

he electrolysis succeeds equally well with copper 
electrodes of the same dimensions. As soon as the 
current , we see arise a sheet of fine bubbles and 
a reddish brown cloud of pulverulent copper, and the 
electrodes themselves quickly take the aspect of spongy 
copper freshly reduced. 

t seems, therefore, to follow from the whole of our ex- 
periments that, in electrolysis by alternating currents, 
it is always possible to reach a sort of equilibrium be- 
tween the rate of decomposition of the electrolyte and 
the rate of recombination of its elements. 

When once this equilibrium is reached, there is no 
longer, or, at least, there no longer appears, an elec- 
trolysis properly socalled. But then all the circum- 
stances which may make the former rate to predomin- 
ate over the latter will cause the products of the elec- 
trolysis to reappear; and, on the contrary, all which 
tend to make the rate of decomposition predominate 
will make such products again disappear. 

In the first rank of the conditions which accelerate 
the electrolysis, we must name the density of the cur- 
rent, that is, the ratio of its mean intensity to the 
surface of the electrodes. It is evident that if, on the 
one hand, we increase the quantity of electricity which 
traverses the electrode, and, on the other hand, di- 
minish the surface of the electrodes, we shall cause the 
rate of decomposition to predominate over the rate of 
recombination and promote the appearance and the 
liberation of the products of electrolysis, as our experi- 
ments have verified in the electrolysis of acidulated 
water. 

We conceive equally that the electrodes and the elee- 
trolyte may affect the rate of recombination by their 
chemical affinities or their physical properties. The 
facility of electrolysis must, therefore, depend also on 


the nature of the electrodes and the electrolyte. This) 


is what our comparative experiments have verified in 
the electrolyses of acidulated water and of sulphate of 
copper, both by platinum and eopper electrodes. 

We may further foresee that the greater or less rapid- 
ity of the alternations, all other things being equal, 
must play an important part in the appearance or dis- 
appearance of the electrolytic phenomena. For i 
we suppose that the succession of the two induced 
currents becomes so slow that the electrolytic products 
of the first current have disappeared from the elec- 
trode, whether by direct disengagement or by diffusion, 
before the products of the inverse current have ap- 
peared there, no more recombination will be possi- 
ble : each of the alternating currents will behave suc- 
cessively in the voltameter like a continuous current 
of brief duration. We see, then, that, all other con- 
ditions being equal, a retardation of the alternations 
must facilitate the appearance of electrolysis, while the 
acceleration of the alternations produces the contrary 
effect. This we have been able to verify by direct ex- 
periments. 

The use of dynamos with a separate exciter has en- 
abled us to vary the rapidity of the alternations with- 
out affecting the mean intensity, nor, consequently, 
the density of the currents. On fthe one hand, by 
raising the speed of the machine from 1,500 to 2,600 
turns per minute, we could raise the number of inver- 
sions from 100 to 173 per second. On. the other hand, 
by suitably modifying the intensity of the inducing 
magnetic field, by means of the exciting current, we 
could keep the mean intensity of the induced currents 
constant. Under these conditions we have made the 
two following experiments : 

1. The machine turning at its ordinary speed (2,000 
turns per winnte, corresponding to 133 alternations per 
second). We regulate the intensity of the currents so 
as to waintain the state of equilibrium, that is, tocause 
all liberation of gas in a voltameter with acidulated 
water to disappear. Lf at this moment we let the ve- 
locity sink to 1,500 turns, we see the gas reappear and 
freely liberated at the electrodes. 

2. When the machine is turning atits ordinary rate 
of 2,000 turns, we regulate the density of the current so 
as to give a distinct and regular escape of gas. If at 
that moment we raise the speed to 2, turns, all the 
eseape at once disappears. 

In either case we can annul the effect of this variation 
of speed by a suitable modification of the density. 
Thus in the first experiment we can cause the gas to 
disappear again by enlarging the surface of the elec- 
trodes, and in the second experiment they can be made 
to reappear by reducing this surface. 


electrolysis in opposite directions, and that it may be 
manifested “ith cnetente of low density if the alterna- 
tions are sufficiently slackened. This explains how, in 
1887, De la Rive could easily decompose d 

water by the alternating currents of the magneto- 
electric machines then recently invented. He succeeded 
in realizing the development of detonating gas on large 
platinum electrodes, having a surface of 8 square centi- 
meters. His difficulty seems to have been to make 
gas disa , while ours was to make it pear. 
This difference results from the fact that the electro- 
motoremployed by De la Rive gave at most 50 alterna- 
tions per second, while our dynamos give 100 as a mini- 
mum. 

From this experimental study of the circumstances 
which affect electrolysis by alternating currents, we 
may detuee, along with the numerical laws of these 
phenomena, the general rules which ought to direct the 
utilization of these currents for this kind of application, 
—Hlectrical i 


WOOD WOOL MAKING MACHINE. 


Woop wool is the name given to an article which, 
although it has been in use for some time on the Con- 
tinent, has only recently been introduced into this 
eountry. It consists of very thin wood shavings, which 
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may be of any breadth, some of the samples we have 
seen being so narrow as to look like hemp. The coar- 
ser vurieties are intended to be used instead of straw 
for | wy are goods, while the intermediate kinds are 
chiefly intended for stuffing furniture, such as chairs, 
sofas, mattresses, and pillows. Some of the finer vari- 
eties are also used instead of lint, and for various other 
hygienic purposes. We give herewith illustrations of 
a machine for making wood wool, which has been in- 
vented by M. Louis Arbey, of Paris, and has been pat- 
ented by him in this country. Fig. 3 represents an 
elevation, and Fig. 4 a plan of the machine. A cast 
iron bed, resting on three feet, carries at one end the 
driving apparatus, and at the other a carri for hold- 
ing the wood and the slides which guide “the cutting 
| knives. The machine is driven by a strap, and at one 
|end of the driving shaft is a fly wheel which carries a 
erank for giving the necessary oscillating motion to 
the knife frame, while at the other end of this shaft 
there is an eccentric which actuates the feed for the 














Fie. 1. 





ulated |ing to the 


the | give a series of small blades separated by 


carriage holding the wood to be operated y 
knives are vertical, and the frame in which they ee 
held moves in slides, which are reversible, the top are 
bottom, and vice versa. The PE 
placed opposite to each other, so that one ents ‘te 
the slide moves forward and the other when jt 
back again. Oneof the knives is a smooth b| a4 
the other is formed of a blade cut into teeth, 56 ag t 


equal width. The toothed knife supplies sha ot 


cutting grooves in the face of the wood during at 
tion in one direction, and during the return the vlads 
knife cuts shavings from the tops of the ridges 

te the grooves, these shavings being exactly sinyj. 
lar to those cut by the other knife. In order to 
the angle of penetration of the knives according to the 
required thickness of the shavings, the knife holders arg 
movable upon a vertical axis, and are easily adjusted 
by means of the nuts shown in Fig.2. Figs. 1 ang9 








Fie. 2. 


show in detail the knives and the method of moun 
them. It will be seen that each knife is carried by 4 
piece pivoted to the slide, and readily adjusted by 
means of the nuts acting against a lug. The blades are 
fastened to this piece by three bolts, and as the blades 
are slotted, they may be readily moved backward or 
forward. This facility for adjustment is of the great. 
est importance in machinery of this character, The 
machine is so constructed that the fineness of the shay. 
ings can readily be regulated as desired, by y, 
the velocity of the feed of the wood and the of 
netration of the knives, the pitch or width of shay. 
ng being altered by changing one of the knives. The 





rest or headstock which carries the wood is made to 
travel on a transverse slide, and is moved forward 

means of a screw, at the end of which is keyed a rateh- 
et wheel actuated by a pawl at the end of a lever 
worked by the eccentric from the driving shaft, as shown 
in Fig. 5. The amount of feed is varied by raising or 





Fia. 5. 


lowering the sleeve which connects the lever with the 
eccentric. It will thus be seen that the machine isat 
ouce simple and ingenious, and the samples of work 
which we have seen are of first class quality, being soft, 
elastic, clean, and “free from that harsh, woody feeling 
which one would naturally expect, and which is acta 
ally found in the samples produced by the German, 
American, and other machines. In fact, they areso 
much like fiber, that the finer samples might easily be 
mistaken for hemp or horse hair. It is probably owing 
to fineness of texture that the material made by the 
Arbey machine in France is called ‘“‘crin,” or horse hai, 
WwW wool has already been introduced into several 
hospitals, where it is used for stuffing beds, and if made 





of certain woods, as pine, which contain guims or resins, 
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Fig. 3.—ELEVATION. 
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We see, then, that the ra | of the alternations and 
the variations in the Tenet the currents affect the 


Fig. 4.—Pian. 


MACHINE FOR MAKING WOOD WOOL. 
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rated with some antiseptic, it possesses numer- 

et oeeiages frow a medical point of view, in addition 
Pog r cleanliness than straw. Another advan- 
5 h this substance possesses over straw is that, 
nt of its softness, it is not liable when dry to 
Soak up into short pieces, nor will it sweat when used 
pack for pues - on long voyages. This material 
spogld prove very useful for emi ts’ bedding, as well 
‘ur packing light and breakable articles. It has also 
Sen used for filtering purposes, and experiments which 
have been made in breweries as to its adaptability for 
beer have shown it to give most satisfactory 

used in the stable as a bedding for 
of freedom from the smell 
of ammonia : and it can burnt when used up, thus 
forming charcoal manure. A peculiar feature of woou 
wool is its extreme lightness ; it is stated that 1 ton of 
this material is equal in bulk to 3 tons of hay or straw. 


—Industries. 
HOW TO ANALYZE IRON AND STEEL. 


Tus chemical analysis of a piece of iron or steel af- 
much information as its behavior me- 
chanically. Much, however, as it explains, still this 
much is far from being satisfactory, as it utterly fails to 
account for discrepancies which occur in the mechanical 
behavior of two pieces of iron or steel of precisely 
similar chemical composition. It is not our intention 
jn these articles to attempt to solve this problem, even 
sapposing we were capable of so doing, which no one is ; 
bat rather to describe methods for the determination 
of the several constituents contained in the metals. 
The complete analysis of iron and steel for commercial 
pa comprises the estimation of the carbon exist- 
Fog both 














in the free state, or graphitic, and also the 
combined carbon, silicon, sulphur, phosphorus, man- 

, copper, and in some exceptional cases of the 
titanium, tungsten, chromium. For analysis the sample 

be in a state of fine division, preferably in the 
form of drillings. This not being attainable with all 
specimens, such as white iron, the sample is in this 
case reduced toa coarse powder. Some chemists re- 
commend that the drillings of the sample be treated 
with boiling ether under an inverted condenser, to ex- 
tract the oil, etc., with subsequent drying at 100° C. 
We hardly think this necessary, if ordinary precautions 
be observed ; but perhaps “‘ prevention is better than 
cure.” 

The determination of the total carbon by combustion.— 
The estimation of the total carbon presents many diffi- 
culties on account of the large preponderance of iron 
over carbon, as also the numerous precautions, etc., 
which must be observed to obtain results which can 
lay claim to accuracy. As we have before stated, 
carbon may be present under two conditions, as free or 
graphitic and as combined carbon. At present we 
shall only deal with the determination of the total 
amount of carbon, regardless of the portions existing in 
the several conditions. When iron or steel containing 
combined and graphitic carbon is treated with hydro- 
chloric acid, ferrous chloride is formed, the graphitic 
carbon being deposited as a black powder, while the 
combined carbon combines with nascent hydrogen, 
forming volatile hydrocarbons, which a If, 
however, we repluce the acid by a metallic chloride, 
no evolution of hydrogen occurs, and the whole of the 
earbon is deposited, which may be collected, burnt in a 
stream of oxygen, employing either a dry or wet method 
of combustion, and the resulting carbonic acid, CO,, 
weighed. This happens when the metal is treated with 
ammonium cupric chloride. The iron enters into solu- 
tion, while the carbon, together with copper, etc., is 
deposited. The ammonium cupric chloride solution is 
prepared by dissolving 554 grammes of the crystals in 
1,850 grammes of water. For analysis five grammes of 
the sample are weighed out into a beaker, covered with 
1% cubic centimeters of the chloride solution, and 
gently heated to accelerate the action. On no account 
is the solution allowed to boil,as in all probability 
boiling will cause any silicon present to assume a con- 
dition which will greatly hinder the operation of filter- 
ing. If during disintegration the liquid becomes color- 
less, or nearly so, more of the chloride solution must be 

ded. No hard and fast rale can be given as 
the time required to effect complete solution. The 
operator must therefore use his judgment, and be 
guided by the appearance of the residue. The residue 
consists of carbon deposited as a black powder, metallic 
copper, etc. The next step is to get rid of the copper. 
This is effected by making a further addition of the 
chloride, together with 60 cubic centimeters of hydro- 
chlorie acid, and er | ata gentle heat. When all 
the copper has dissolved the solution is filtered, employ- 
Ing an asbestos filter, constructed as follows: A piece 
of glass tubing, about 6 in. long and \ in. diameter, is 
contracted somewhat about an inch from one end, and 
this narrowed portion loosly plugged with glass wool. 
On the top of this is placed a layer of finely divided 
asbestos fiber, previously ignited, and washed with 
wateras long as any of the fiber runs through. The 
nal carbon on the filter is washed first with hot 

ydrochloric acid and afterward repeatedly with hot 
Water, until a drop of the washings after acidification 
= nitric acid gives no opalescence with a solution of 
ver nitrate. 

The residue is now ready for combustion. We shall 
pr the moist method due to Uligren, the prin- 
“ple of which is that chromic and sulphuric acids oxi- 
an the carbonaceous residue left on treating iron or 
an with ammonium cupric chloride into carbonic 

» COs. The apparatus necessary for the carrying 
Out of the operation is shown in the cut. The carbora- 
— residue, together with the asbestos filter, is trans- 
jon to the flask, A, of a quarter liter capantty, by 

ally pers the filter tube in the mvuuth of the 
flask, and gently blowing it out, of course washing in 
aatbloying the smallest quantity of water ible— 
¥ particles which may adhere to the sides of the tube. 
th t the flask with the rest of the apparatus, and 
rough the stop cock funnel, B, add 25 grammes of 
—— acid crystals dissolved in a small quantity of 
and 300 cubic centimeters of dilute sulphuric acid 
parts acid to one water. Close the stop coék im- 
y, and apply a gentle heat, so regulating as to 
Dede? # constant evolution of gas. The carbon is im- 
Gerheae,”. attacked by the acid, with the formation of 
Ontaining 






& solution of silver sulphate in sulphuric 





and from thence into the tubes, C, E, containing 2 
spectively calcium sulphuric acid and chloride, which 
dry the gas. Finally the carbonic acid gas enters the 
previously weighed bulbs, F, containing a solution of 
caustic potash—one part of the hydrate to two water 
—and here it is absorbed. Toward the completion of 
the operation, increase the heat as the evolution of gas 
slackens. 

When the oxidation of the carbonaceous matter is 
complete, as judged - the appearance of white fumes 
in the flask, remove the source of heat and aspirate a 
gentle current of air—deprived of carbonic acid and 
moisture by causing it to pass through K. M, contain- 
ing caustic potash and calcium chloride—through the 
apparatus, and when thoroughly cool disconnect the 
potash bulbs fro:n the remainder of the system of 
tubes and reweigh. Any increase in weight will be 
due to carbonic acid, which contains 27°27 per cent. of 
carbon. A likely source of error is the danger of a 
portion of the water of the caustic potash solution 
contained in the bulbs, F, being driven off by the 
heated gas. This is guarded against by attaching a 
calcium chloride bulb, H, which is weighed both be- 
fore and at the conclusion of the experiment, any in- 
crease in weight being deducted from the original 
weight of the —- bulbs. It is obvious that the ap- 
paratus must be thorongbly air tight,and, furthermore, 
that the reagents be pure. We advise that a blank ex- 
periment be made with the reagents employed to test 
their purity. 

Determination of graphitic carbon or graphite.—As 
before stated, the above method determines only the 
total carbon present, irrespective of the portion present 
severally, as combined and graphitic carbon or graphite. 
To determine the graphite, three grammes of the iron 
or steel are weighed out into a beaker covered with 100 
cubic centimeters of hydrochloric acid, and digested at 
a gentle heat foran hour or so. The insoluble portion, 
consisting chiefly of graphite, is collected on a weighed 
filter paper, repeatedly washed with hot water, dilute 
hydrochloric acid, a strong solution of sodium carbon- 
ate, then again with water, and finally with alcohol and 
ether. - The filter paper and contents are removed to a 
water oven ; dried at 212° Fah., and weighed. The 
filter paper, ete., is placed in a platinum crucible, the 
graphite burnt off at a strong red heat, and any residue 
(small quantities of silica and titanium) remaining are 
weighed, the weight of which, minus the filter paper 
ash,* is deducted from the graphite. This méthod 














furnishes very good results, but in general practice it is 
not employed, the silicon and graphite being, as a rule, 
determined in one operation, which method we shall 
hereafter describe. 

Colorimetric method fort the determination of com- 
bined carbon.—Where a large number of determina- 
tions has to be made during the course of a day, the 
estimation of combined carbon by the combustion 
method above described is inapplicable, on account of 
the time oceupied in its performance. A method, 
therefore, must be anping which, while being rapid 
and easy of execution, will furnish good results. Such 
a method is Egjertz’s colorimetric test, based upon the 
color of the solution obtained upon dissolving iron or 
steel containing combined carbon in nitric acid free 
from chlorine. By therefore dissolving two pieces of 
steel, one containing an unknown, and the other, 
termed the standard, a known, qpeees of carbon, 
employing an equal volume of acid for each, it becomes 
an easy matter to arrive at the amount of carbon con- 
tained in the unknown specimen by simply compar- 
ing the color of the two solutions. It isfound that the 
method does not answer with specimens containing 
over three-quarter per cent. of combined carbon, 
neither with steels that have been hardened. Before 
results which can lay any claim to accuracy can be ob- 
tained, it is necessary to rigidly observe certain con- 
ditions, viz.: 1. The standard employment must con- 
tain practically the same amount of carbon as the 
specimen under examination. 2. It must be manufac- 
tured by the same process. It will not answer to em- 
ploy a mer stee] for a standard to determine the 
carbon in a sample produced by the Siemens method. 
3. The conditions, viz., the ammount of acid and steel em- 
ployed, temperature, time, etc., under which solution 
is effected, must be exactly similar. As is obvious, the 
employment of a standard steel in which the combined 
carbon has been carefully determined by the combus- 
tion process is necessary. The modus operandi of the 
method is as follows: 20 grammes of the standard and 
a like quantity of the sample under examination are 
weighed out and pl respectively in twodry test 
tubes of 4¢ in. diameter by 6 in. in length ; 5 cubie cen- 
timeters of nitric acid 1:20 specific gravity, free from 
chlorine, is then measured into ona tube, and when 
all action is at an end the tubes are placed in a beaker 
containing water maintained at boiling point and al- 
lowed to remain there for fifteen or twenty minutes. 
At the expiration of this time they are simultaneously 
withdrawn, any crust adhering to the sides of the 
tubes being removed by causing the solution to flow 
over it, and placed in a vessel containing cold water. 
When perfectly cold the standard solution is poured 
into a graduated glass tube, closed at one end, of 20 
cubic centimeters capacity, divided into one-tenth 
cubic centimeters, the test tube washed out with a 
small quantity of cold water, the washings added to 
the main bulk contained in the graduated tube, the 





of the constituents of iron and steel being present in such 





acid, CO,, and as it is evolved, into D, 
“sid, whereby it is deprived of any traces of 








solution diluted with cold water until the volume oc- 

_ eo is a power of the carbon contained in the stand- 
, and thoroughly mixed by closing the open end of 

the tube with the thumb, and inverting once or twice. 

Example, with a standard containing 0°40-per cent. of 
com. carbon dilute to 5 cub, centimeters ; 0°12 per cent. 
of com. carbon to 4 cubic centimeters. The solution of 
the steel being analyzed is now poured intoa similar 
tube of a like caliber, the last portion rinsed in with a 
little water, and the solution mixed without dilution. 
If, ey couparing the two solutions, by holding them 
side by side with a piece of white paper behind them 
before a window, the color of the standard is lighter 
than the steel under examination, to the latter small 
quantities of cold water are added, mixing and compar- 
ing the colors with each fresh addition until the inten- 
a the tints are equal. 

hen this is attained, the volume it occupies is read 
off ; the number of cubic centimeters multiplied by the 
power which the volume occupied by the standard 
solution is of the carbon it contains, will give the com- 
bined carbon in the specimen under examination. Ex- 
ample: The standard contained 0°40 per cent. com. 
carbon, the solution of which was diluted until it oc- 
cupied a volume of 8 cubic centimeters, which is the 
fifth power of 0°40. The solution of steel being analyzed 
upon attaining similarity of tints oecupied 7 cubic centi- 
meters ; the com. carbon present therefore is 7 xX 0°5 = 
0°35 per cent. Steel containing small quantities of car- 
bon gives solutions more or less of a greenish tint ; this, 
to a large extent, is remedied by employing a sinaller 
quantity of acid—say about 3 cubic centimeters. 

Determination of stlicon.—U pon treating iron or steel 
with an oxidizing reagent, such as nitricacid, the silicon 
present is converted into silica, 8iO,. This forms the 
principle of the methods employed for its determina- 
tion. Weigh out into a porcelain dish of 500 cubic 
centimeters capacity, four grammes of the sample, add 
60 cubic centimeters of nitrohydrochloric acid, cover 
the mouth of the dish with a glass cover to prevent loss 
by spurting, heat gently on a hot plate or sand bath, 
and subsequently take the solution to complete dryness. 
Heat the dry mass until perfectly black, and allow the 
dish and contents to cool. Moisten the black residue 
with 60 cubic centimeters of hydrochloric acid, digest for 
some time, and evaporate the solution down until a 
erust commences to form on the surface, to dissolve 
which add a couple of drops of hydrochloric acid A 
volume of water four times the bulk of the solution is 
now added to it, and the insoluble portion, silica, etc., 
collected on an English filter pager, the portions adher- 
ing to the sides, etc., of the dish being removed by 
means of a “* policeman ” -—a — of caoutchouc tubing 
at the end of a glass rod—and rinsed on thefilter. The 
silica on the filter is washed, 1, half a dozen times with 
a dilute solution of hydrochloric acid, 2, with hot water 
until a drop of the a gives no coloration when 
mixed with a little of a w solution of sulphocyanide 
of potassium. The subsequent treatment of the filter 
paper and contents depends upon the absence or 
presence of graphite. In the first instance we will sup- 
pose thatit is absent. The filter paper and contents, 
after washing as above, are transferred to a platinum 
or porcelain crucible, strongly ignited, allowed to cool, 
and the residual silica, SiO., containing 46°66 per cent. 
of silicon, Si, weighed. In the presence of graphite the 
modus operandi somewhat differs. The filter, etc., are 
placed on a shallow clay dish, and the paper burnt off 
at the lowest heat possible. When cold, the residue, 
consisting of silica and graphite, is weighed, replaced in 
the dish and again ignited, this time employing a heat 
sufficient to burn off the whole of the graphite. The 
silica remains and is weighed, which weight, deducted 
from the weight of silica graphite, will, as is obvious, 
equal the graphite. 

A simpler and more rapid method is as follows : Dis- 
solve four grammes of the sample, contained in a bea- 
ker, in 80 cubic centimeters of dilute sulphuric acid— 
one partacid to three water—and evaporate the solution 
until thick, white fumes commence to appear, When 
this point is reached, arrest the evaporation, allow 
beaker and contents to cool, add 60 cubic centimeters of 
boiling water, and heat until the white mass of ferrous 
sulphate has dissolved and nothing but silica and gra- 

hite remain, which collect on a filter ; wash, ete , as be- 
ore. Thesilicas obtained by the above methods should 
be perfectly white; but in the majority of instances they 
are more or less red, being contaminated with iron. This 
is y ease with irons ae notable 
quantities of phosphorus, due in all probability to an 
insoluble phosphide of iron. Iron is not the only im- 
purity, as although the silica may be perfectiy white, it. 
may still be contaminated toa considerable extent with 
titanium, if any be present in theiron or steel. As these 
impurities lead to inaccurate results as regards the 
amount of silicon present, they must be eliminated. 
This is effected by fusing the silica,contained in a plati- 
num crucible, with six times its weight of acid potassium 
sulphate, the crucible, etc., subsequently placed in a 
porcelain dish and digested for some considerable time 
with cold water. .When the fused mass has dissolved 
out, the crucible is well washed, withdrawn, and silica, 
now free from impurities, collected on a filter, well 
washed, ignited, etc. 
The following rapid method, due to Mr. Jno. Parry, 
F C.8., furnishes results, especially with pig irons, 
which, ulthough not absolutely accurate, are for all 
general purposes sufficiently near. One gramme of the 
sample, if a pigiron, or four grammes of a steel, are 
ueet in a shallow clay dish and heated in a muffle to a 

right redness. The temperature employed must not be 
too intense, otherwise the mass of iron will stick to the 
dish, and great difficulty will be experienced in dissolv- 
ing it when su uently treated with hydrochloric 
acid. The heating ix continued for half an hour, at the 
expiration of which time the dish and contents are 
withdrawn and allowed to cool. When cold the mass 
of iron transferred toa beaker containing 60 cubic cen- 
timeters of hydrochloric acid, and the solution gently 
heated until all besides the silica, and perhaps a little 
graphite which has comnged burning, isdissolved. The 
residual silica is collected on a filter, washed, etc.—The 
Engineer. 








THE acquisition of learning without study is like the 
acquisition of wealth without labor. It is as 





minute quantities, an increase in t amounting to two mill mes 
makes a vast difference in the ~ Syme —y It is lore 
absolutely necessary to determine the ash in the filter em 

ae it from the weights of the resulting precipitates, nee 


for the mechanic to — out his problem when 
comes to hii to be studied as it is for him to finish his 
task by his handicraft. 
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{Continued from SurrLement, No. 680, page 10648.) 
GEOLOGY. 
By ARCHIBALD GERIKIE, LL.D., F.R.S. 


THE CRUST OF THE EARTH. 
I. Proofs that Parts of the Crust have been Pushed up. 

WE have now completed the first part of the task 
which was proposed in an earlier lesson—to find out 
what the materials are of which the great stone floor 
of the earth is made. We have learned something about 
three great classes of rocks which form that floor—how 
they were made, and where they are to be seen. But 
while learning these facts about the earth, we have 
seen that the rocks are not a were thin covering like a 
wooden floor below which we should come to some- 
thing quite different. We cannot get down beneath 
the rocks. Deep as the deepest mine the same kind of 
rocks may be found which elsewhere exist at the sur- 
face. It is always through rock of some kind that we 
must descend as far as we can penetrate into the bow- 
els of the earth. 

This solid rocky outer part of the earth on which we 
live, into which men sink mines and out of which 
springs arise, is called the earth’s crust. This name 
came into use when people supposed that all the inside 
of the planet was an intensely hot liquid mass with a 
cool and comparatively thin crust outside. 
deal of dispute has arisen as to whether the main mass 
of the inside of the earth is liquid or solid; but those 
who dispute, whatever their view may be, agree to use 
this phrase, the earth’s crust, as meaning that part of 
the earth which men can observe from the top of the 
highest mountain to as far below the deepest mine as 
they can reasonably infer what the rocks must be, 

The rocks of which this crust consists belong mostly 
to the sedimentary series, a large number to the organic 
series, and a smaller but still considerable proportion 
to the igneous series. In Britain, for example, if we 
could put all the different series of sedimentary and 
organic rocks together, one above another, in the order 
in which they were deposited, they would form a mass 
at least ten or twelve wiles thick. Out of such materi- 
als the solid earth is built up as far down into its 
depths as man has been able to descend. 

But from what has been stated in previous lessons it 
is clear that many of these rocks are not now in 
their original positions. Our quarry, for example, told 
us how the rocks in which it lay had once formed a 

art of the sea bottom. Then again the coal seams, 

uried so deep in the earth, were once verdant forests 
or jungles at the surface. How could a sea floor be- 
come dry land, and how could a forest on the surface 
of the land come to be covered by hundreds of feet of 
solid stone ? 

Let us begin by considering how it is that a portion 
of the floor of the sea can be changed into good dry 
land. And in order to follow the change as clearly as 
possible we shall choose of the simplest examples, and 
one moreover which many of us may have the oppor- 
tunity of verifying for ourselves. 

Round the coast line of some parts of the British 
Islands there runs a low flat terrace bounded by the 
sea on the one hand and by a cliff or inland slope on 
the other. Seaport towns have been built upon this 
terrace, such for instance as parts of Glasgow, Greenock, 
and Leith. It is so level that roads run along its sur- 
face for miles among corn fields, meadows, and villages. 
You may gather some notion of its general appearance 
from Fig. 33, which shows how flat it is and how little 





Fig. 33.—View of a Raised Beach. 


elevated above the sea at its outer edge. Along its 
inner margin there often rises a line of cliff pierced 
with caves, as represented in the drawing. If you 
were standing on some part of this terrace and looking 
along its level surface as it winds in and out against 
the cliffs and slopes of the land, would not the idea of 
an old coast line at once suggest itself to your mind ? 
You can without difficulty picture the sea covering 
that terrace and beating against the base of those cliffs 
and slopes. 

Could you prove this fancy of yours to be anything 
more than a fancy? Let us see. Cross to the inner 
margin of the terrace and consider attentively the line 
of caves you find there. How did these excavations 
come to drilled into the solid rock all along the 
saine line and exactly at the same level, so that the 
floor of each of them should just open upon the flat 
terrace? Suppose that you visit one of these caves. 
Festoons of ivy and honeysuckle hang perhaps in tan- 
gled luxuriance about its mouth, and you may have to 
force your way through a brushwood of strong briers. 
But you gain at last the floor of the cave, which you 
find to be roughened with rounded, water-worn stones, 
The roof is ape! hung with ferns, mosses, and liver- 
worts, and the sides too have their drapery of green. 
But the bare rock appears abundantly, and you notice 
that it has been rubbed smooth, and has the same 
water-worn character as the stones under your feet. 
Now go outside and look at the bare rocks of the cliff 
above ; you see how rough and sharp edged they are, 
as from time to time they split up under the influence 
of the weather. The walls of the cave have been 


ay > stnooth from one cause, the face of the cliff | 


been made rough from another. 





A great || 





The explanation of this difference will be apparent if 

ou rewember what takes place where a sea cliff of 

ard rock has its base washed by the waves. You 
have seen how the rocks, wherever the waves can reach 
them, are worn smooth by the ceaseless grinding of the 
gravel and stones to and fro. And every cave into and 
out of which the waves drive the gravel is ground 
down in the same way. A single forenoon spent on 
such a coast line gives you a lesson you can never for- 
get as to the way in which rocks have their surfaces 
smoothed by the waves. But all which lies above the 
reach of the breakers comes under the influence of 
other forces. Rain, frost, and springs combine to make 








Fria. 34.—Section of a Raised Beach. 


the cliff crumble down, and fragments to split off from 
its face, so as to give that rough, angular appearance 
which contrasts so well with the water-worn rocks be- 
ow. 

After having observed in this way what is taking 
place now along a sea cliff, you can hardly doubt that 
the line of cliff which rises from the inner margin of 
our terrace was once a sea cliff too, with the waves 
beating against its base and boring that line of caves 
there, as they are still doing elsewhere. The line of 
that cliff thus becomes in your mind the line of a for- 
mer sea shore. 

But further proofs of the former presence of the sea 
present themselves if you put questions to the terrace 
itself. Dig beneath the surface of that terrace any- 
where, and what do you find it to consist of ? Sand 
and gravei, sometimes with abundance of shells. Look 
at the outer margin of the terrace where the sea is 
gradually cutting it away, and you find there that the 
sand and gravel are laid down in layers, just as they 
are on the beach below, and that the shells belong to 
the common kinds which are washed up by every tide 
upon the sands. You discover thatin truth the terrace 
is simply an old beach, and that the sea must have 
laid down the materials of the terrace when it was 
scooping out the caves at the foot of the cliff. Thus 
the terrace and the caves combine to prove a change 
in the coast line. 

By measuring the height of the floor of the caves 
and the height of the terrace above the present high 
water mark, you would ascertain the difference of level 
between the present beach and the old one. Let us 
suppose that this difference is in the present case 
twenty feet ; it is plain that the land must have risen, 
> the sea must have sunk, to the extent of twenty 
eet. 

When you watch the restlessness of the sea, with its 
ebbing and flowing tides, its waves and currents, and 
then when you contrast with this ceaseless motion the 
calm steadfastness of the land, you may naturally sup- 
pose that, in any changes of the relative position of 
land and sea, it is much more likely that the sea 
should have shifted its place than that any aiteration 
should have happened to the land. But reflect for a 
moment on what would be involved in a change in the 
sea level at any place. If I deepen the bottom of one 
end of a pond, does the level of the water fall just over 
that part where 1 have been at work? Assuredly not; 
the level of the whole pond is lowered. In the same 
way, if | empty a quantity of stones and earth so as 
to wake one part of the pond very much shallower, do 
I raise the level of the water only over that part? 
By no means ; the influence of what I have been doing 
extends through every 
of the water is uniformly raised over the whole. 

Now, instead of the pond, thinkof the great ocean, 
which is only an enormously large continuous sheet of 
water. You see that an alteration of its level in one 
region must necessarily extend over the whole globe, 
until the same general uniformity of level is restored. 
If the sea has sunk from our terrace (Figs. 38, 34) to the 
extent of twenty feet, there must have been at the 
same time a general lowering of the sea level all over 
the world. Bat is itso? How would you set about to 
ascertain this point ? 

Plainly if the terrace has been left by a sinking down 
of the bed of the sea, you should meet with a corre- 
sponding terrace all over the globe. But you would 
not require to travel far before you ascertained that no 
such universal terrace is to be seen. Even around the 





Fi@. 35.—Terraces (Raised Beaches) of the Alten Fjord, 
Norway. 


coast of Britain you would find enough to show you 
that there has not been any general subsidence of the 
ocean. Throughout a great part of the margin of our 
island no terrace occurs at all. Only in certain dis- 
tricts is such a terrace to be met with, and its height is 
not always the same. 

Sometimes a series of terraces may be seen rising one 
over another, each marking a former coast line. In 
the north of Norway they occur in great perfection 
(Fig. 35), up to heights of several hundred feet. They 





art of the pond, and the level | p 





look perfectly horizontal to the eye, yet when 


measured accurately they are found sometimes a 
toward the upper end of the long inlets on the ot 
which they run, so that a terrace “hich at the seq. 


ward end may stand at a height 6, 80 feet above 
sea is as much as 90 or 100 feet at the landward Pe 
Now such a difference of level in ashért distanee 

that something else must have taken place than 
subsidence of the sea, for had that been the cause 
the terraces being left, they should ‘all have beeg a 
horizontal as the surface of the sea ‘tself, and at least 
traces of them should have been found at co 

ing heights in our own country and All over the 

) See as it may seem to you, it is neverthelesy 
that it is the land which rises, not the sea which 
It that be the case, it is easy to see low there 
be terraces in some countries and not in oth and 
how the same terrace should vary in height at different 
parts of its course. For the land may have been 
up at one place and not in others, and more at 
place thanin another. The old sea terrace (Fig. 88) is 
called a raised beach, because it consists of gra sand, 
and other beach deposits, which have been raised 
the level of the sea. Every such raised heach 
to a former sea margin, and to an elevation of that sea 
margin into dry land. Where a great many 
oceur one above another, as in Norway (Fig. 35), 
show us how the land has been raised up at inte 
for a long period, the time when the land was station. 
ary between two upheavals being marked by a terrace 
or raised beach. Of course the highest terrace mugt 
needs be the oldest, and for that reason is often leg 
perfect than the newer ones, having suffered more from 
the various forces, such as rains, frosts, aad 5 
which are so busy in making the surface of the lang 
cruipble away. 

In some parts of the world we can detect the ground 
in the very act of rising. In the southeast of Sw 
for example, rocks have been marked at the place 
where high water reached them, and in the course of 
years have been found to be considerably above their 
former level. From observations of this kind it hag 
been inferred that the land there is rising at the rate 
of about two or three feet in a century. This appear 
to be but a very slow movement, too slow to be a 
ciated, except by careful measurement ; and yet if it 
were to go on for another thousand years, what is now 
the beach would have risen to a height of twenty or 
thirty feet above the sea level. 

You see, then, that the upraising of the bottom of 
the sea, strange as it may seem to us, is not entirely a 
thing of the past. It is going on slowly at the present 
time in several parts of the globe. And just as the 
coast of Sweden is rising with no violence or shock, so 
in old times the upraising of the sea bed into dry land 
may have been a gentle and quiet process. 

he rocks of every country furnish abundant eyvi- 
dence that the sea bottom has again and again been 
elevated into land. This evidence is furnished, as 
now know, chiefly by the remains of corals, star fishes, 
shells, and other sea creatures, which may be 
embedded in the rocks. The height at which these re- 
wains are found affords us some idea of the extent of 
the elevation. The shells of our raised beach indicated 
a rise of only some twenty feet. But if you found such 
sea shells at a height of twenty thousand feet, 
would prove that the bed of the sea had been elev; 
at least to that extent. By this kind of evidence itcan 
be shown that by much the greater part of thed 
land has been raised, piece by piece, out of the sea, 
that the novements have been far from regular or uni 
form, seeing that some parts have been upheaved toa 
much greater height than others. 


II. Proofs that Parts of the Crust have Sunk down, 


We have now traced out some facts which show that 
the surface of the globe has from time to time been 
ushed up, so that parts of the sea bottom have be 
conie dry land. But other movements of exactly aa 
opposite kind have turned parts of the land into the 
of the sea. Let us follow some of the evidence for 
these depressions, and take, as before, our illustrations 
from places which are easily visited, and in our own 
country. ‘ L 4s 

Along some parts of the coast line of Britain, as, for 
example, on the coasts of Devon and Cornwall, and on 
that of the Firth of Tay, a very curigus and interesting 
feature occurs between high and #jow water 
Frow the flat sandy surface of the Bach a number of 
dark stumps may be seen sticking up, which, on closer 
examination, prove to be the lower ends of trees 
Scraping away the sand of the beach, you meet with 
dark loam or earth, out of which the tree stumps pro 
trnde, and from which you may pick up hazel nuts 
leaves, twigs. and, now and then perhaps, the wing 
ease of a beetle or the bone of some land animal. 4s 
you trace stump after stump along the beach, you #8 








Fig. 36.—Section of a Submerged Forest. 


that they are all in the usual upright posture in whieh 
trees grow. The dark earth in which the tree 
spread is clearly an ancient soil, in which to tbis 
may be gathered the very leaves, twigs, and nuts ¥ 
fell from the trees, and fragments of the insects ¥ 
lived amid their decaying timber. These stamps 08 
the beach are evidently parts of an old forest or 
But could the trees ever have grown where their t& 
mains are now tobe seen ? By no means. 
bireb, alder, and oak, of which the stumps mostly com 
sist, would be killed if their roots and trunks were 
be permanently submerged in the sea. You never a] 
any of these trees growing below tide mark DoW, 
you cannot suppose that they ever did so. If the tree® 
on the beach must have grown where their ed 
still exist, and if they could not have grown up in 
sea, then, either the sea must have risen up 80 “so 
cover them, or the land must have sunk down 80 8. 


submerge them, But we have already learned that io 
all such cases of change of level we cannot believe og 
the sea alters its level to any appreciable 
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that we must conclude that the submergence of the old | the later forests could spri 
bas 


been due to a sinking down of the land. 
irese submerged forests, therefore, are to be regarded 
of sufsidence of the earth's surface, just as 

& raised beach are taken as proois of upheaval. 
You can unders! nd that it must be more difficult to 
trace evidence of ground having sunk than of its hav- 
in level. Because when any district has gone 
below the sea, the waves gradually obliterate all 
of the former land surface, as they are now wash- 
ing aw the submerged forests; while, on the other 
hand, hes the bed of the sea is turned into dry land, 
guch traces as sed beaches and old sea-worn eaves 
remain to mark whe space which the salt water once 


Jn different parts of the globe it has been observed 
that the sea appears to be gradually rising upon the 
jand. In reality it is the land which is there sinking 
below the sea. For example, the southern part of 
Greenland for several hundred miles has during the 
jast few centuries been slowly subsiding, so that rocks 
which once lay above the limits of the tides are now 
gabmerged, and the dwelling houses of the inhabitants 
have had to be shifted further and further inland. 

Other proofs of the same fact have already been re- 
ferred to in the foregoing lessons. The s of coal, 
for example, which once flourished as green forests at 
the surface are now found buried deep within the 
earth. By what process did they get there? Let us 
return for a while to the coal pit before referred to. 

In many parts of Britain the coal pits are more than 
athousand feet déep. And yet down at the bottom of 
each of these pits lies the coal seam, which we have 
found to be a buried swamp or jungle. If you could 
Jook at all the rocks which have been cut through in 


up on its site. It grew 
probably in a wide, marshy plain, which when the 
round sank down became a wide sheet of water. 
and and mud were carried into this water, and 
laid down upon the submerged forest. These sedi- 
mentary deposits may now be traced in the beds of 
sandstone and shale which overlie the coal seam. The 
sand and inud brought into the wide and shallow sheet 
of water might in the end fill it up so that at length, as 
the muddy bottom rose to the surface, a new mass of 
vegetation would take root and form as luxuriant a 
rowth as the buried forest had done. But after this 
taken place the downward movement of the ground 
again showed itself, for this second forest was carried 
the water and covered with renewed accumu- 

lations of sand and mud. 

Henee we learn that our coal fields were formed in 
regions which were sinking, and that the downward 
movement was not continuous, but went on at inter- 
vals. That it must have been prolonged through vast 
periods of time is apparent from the fact that the strata 
of the coal fields are many thousands of feet thick, 
and net hence have needed long ages for their for- 
mation. 

Two facts are now very clear to you about the crust 
of the earth—Ist, it has often been pushed outward, so 
as to rise above the level of the sea ; and 2d, it has also 
often sunk inward, so as to carry parts of the land deep 
beneath the sea level. But it could not unde these 
movements without suffering other changes, which will 
be considered in the next lesson. 


III. Proofs that the Rocks of the Earth’s Crust have 
been Tilted, Crumpied, and Broken. 


If you think about the movements described in the 





making the long shaft of the pit, you would usually'| 
find among them other coal seams than the one at the| 
bottom. In fact, several seams are sometimes worked 
for coal at different levels in the same pit. You will 
gnderstand their position from the section in Fig. 37, 


Fig. 37.—Section of the Strata in a Coal Pit. 
seams ; J, a fault or fracture of the rocks. 


ce, coal 





which shows how the rocks lie one above another in 
one of these pits. You notice that the seam down to! 
which the shaft has been sunk is the fifth of the| 
series, but it is chosen in the meantime, probably 
because it is a better kind of coal than the other four 
seams above it, and therefore brings more money in 
the market. 

In such a section as that in Fig. 37, which shows 
only what may be met with in any coal field, we see 
that the strange revolution whereby a green waving 
forest has been buried underground mast have hap- | 
pened not once only, but many times; for every sepa- | 
Tate coal seam was evidently at one time a verdant} 
plain, open to thé sun, and bright with many a grace- 

I tree and fern. © And still more, besides the evidence 
of the coal seams, upright stems of trees, now turned 
into stone, are sometimes found standing in the sand- 








ee ee 





two previous lessons, and consider how often the 
crust of the earth must have been pushed up or let 
down, you will not be surprised to find that the rocks 
have not only been shifted up or down, but have been 
crumpled up and broken across. Hence the crust of 
the earth, instead of being made of regular layers one 
above another, like the coats of an onion, has been so 
squeezed and fractured, that in many cases the bottom 
or oldest rocks have been pushed up far above the 
newest. Let us clearly understand how this statement 
can be made out; and for that purpose we shall be- 
gin, as before, with the simplest case. 

Look back again fora moment at the view and sec- 
tion of the raised beach in Figs. 33 and 34. The 
old sand and gravel beds have there unquestionably 
been raised up above their former level, but they have 
not otherwise been disturbed. They still lie out hori- 
zontally as they used to do. But would this be the 
case everywhere along that terrace? You remember 
that we ascertained that the terrace cannot be traced 
all round the country, that it dies out in certain di- 
rections, and consequently that the elevation which 
produced it was not universal, but local. Now, it is 
clear that though the upheaved tract rose so uniformly 
that the raised beach may retain the same level for 
many miles, still, between the horizontal strata which 
were upraised and those which, lying outside of the 
elevated district, remained unchanged in level, there 
must be an intervening space, longer or shorter, where 
the strata slope down from the raised to the stationary 
ground. 

To make this clearer, suppose by way of illustration 
that we piace upon a table a number of sheets of cloth 


| to represent the different strata with which we are 


dealing. The cloths, like the strata, lie there horizon- 
tally. But if we push them up anywhere, they will be 
found to slope away from the elevated to the unmoved 
part. Puta flat plate, for instance, underneath them, 
so as to raise a considerable surface. Over the flat 
surface of the plate the cloths are flat, as they are in 
our raised beach, but from that upraised area they 
slope down to the undisturbed parts around. So that 
you see how a local elevation, even though it may raise 
up strata over a wide district without disturbing their 
flatness, must yet give rise to an inclination of the 
strata round the outskirts of the movement. 

Wherever, therefore, strata are pushed up or let 
down more at one place than at another, without being 
actually broken across, they must be thrown into an in- 
clined position. Now this uncqual and irregular kind 
of movement has taken place <r : times in every 
quarter of the globe. If you look at the stratified rocks 
in most parts of this and other countries, you will seldom 
find them quite flat—usually they are inclined, some- 
times gently, sometimes steeply, so that they have not 
only been upheaved out of the sea, but have been moved 
irregularly and unequally. 

In the quarry which we formerly visited, the strata 
were horizontal. But in many quarries you would find 
them turned up as in Fig. 38a, where the right hand por- 





Fie. 38a.—Inclined Strata. 


tion has gone up(or the left hand to have gone down) 
more than the others. In some places, indeed, you will 
meet with the rocks so tilted up as to stand fairly 
on end (Fig. 39), like a row of books on a shelf. As 





Pig. %.—Section of a part of the Cape Breton Coal 
id, showing seven ancient soils, with remains of 


88 many forests. (R. Brown.) a, sandstone; band: 
es; Cc, ceal seams ; d, underclays, or soils. | 


stones and shales in the ver iti 
5 y ition in which they 
on Fin — roots ever. yet elnbeddied in the ancient 


aw lowest strata are of course the oldest. Hence 
Qndermost coal seam must have been buried before 


they are made of sediment which gathered on a flat or 
gently sloping bottom, you see at once that they never 
eould have been placed on end originally, but have 
been tilted into this position by underground changes. 
But this is not all. If, when the cloths were lying flat on 
the table. you had squeezed them from either end, they 
would have been thrown into crowplings. (Fig. 40.) In 
the same way, during the movements by which thestrata 
have been raised up, a great deal of similar crumpling 
has taken place. In Fig. 41, for instance, the hard 
rocks are shown to have been twisted and folded over 








as if they had been mere layers of cloth. How enor- 
mous must have been the pressure to which they were 
ex before they were squeezed into these sbapes ! 

ne difference between the cloths and the strata 
will occur to you. The one are soft and pliable, the 
others hard and d. But we may even make the most 
unyielding rocks to bend a little, and if thiscan be done 





Fra. 89.—Vertical Strata. 


even with the comparatively feeble force which man 
ean employ, we may perceive how, under the enormous 
pressure which they underwent in the depths of the 
earth before they were upheaved, the rocks should 
have been crumpled up like mere pliable layers of 


cloth. 
Still there must sometimes have been a point beyond 
which they would rather break than bend any further. 





Fie@. 40.—Cloths Crumpled by Pressure. 


Cracks would then be formed, and the strata would be 
thrust up or made to sink down. You see one of these 
cracks, or faults, as they are called, at f in Fig. 37, 
where the coal seams and the strata between them 
have been broken across—those on ene side of the 
fracture being now found ata lower level than those 
on the other. Dislocations of this kind are of such fre- 
quent occurrence that the whole surface of the earth 
may be looked upon as a network of cracks. They 





Fie. 41.—View of Contorted Strata. 


greatly interfere with the working of coal mines, as 
shown in Fig. 37, where the galleries which are driven 
along the coal seams from the pit toward the left hand 
will need to be altered where the coal is cut off by the 
dislocation, f. 

It has often happened that into the cracks thus 
formed masses of melted or igneous rocks from the in- 
terior have been pressed, so as to rise up and intersect 
the other rocks. In the section in Fig. 42, for example, 
two such dislocations have occurred in a series of strati- 
fied rocks, so that three different groups, A, B, and C, 





Fre. 42.—Section of Igneous Rock foreed up into 
Cracks and Fissures of the Earth’s Crust. 


have been displaced. Into one of these cracks a mass 
of igneous (I) has foreed its way for some distance. 
But in the other, that to the right hand. a wneh larger 
body of melted rock has risen, so as completely to sepa- 
a ene ee not on vam _ 
to t t P. even to w! 

is now the surface of Le carth. 

(Zo be continued.) 
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CURIOUS INVENTIONS. 
WE give from La Nature the following : 


A NOVEL ANEROID BAROMETER. 


THE ordinary aneroid barometer is provided with a 
needle which revolves around its axis and indicates 
the barometric pressure by passing over the divisions 
of adial. A skillful Parisian clock maker, Mr. Ledret, 
has given the aueroid barometer a new aspect which 
seems to us attractive and worthy of being described, 
A very light mica disk is connected with the mechan- 
ism of the ordinary barometer, and revolves about its 
center. The upper part of this disk is painted so as to 
imitate the different aspects of the sky. When the 
barometric pressure is high, and it is probable that the 
weather will be fine, a blue sky appears. If the pres- 











A BAROMETER WITH MOVABLE SKY. 


sure is very low and the weather is stormy, there is 
seen, on the contrary, a dark sky loaded with nimbi. 
The movable sky revolves under a glass upon which is 
painted a landscape, and which is left plain at the 
upper part, so that the different aspects of the 
sky can be seen. At the top, as shown in the figure, 
a small black arrow is engraved on the glass to show 
the pressure in millimeters of mercury, as in ordi- 
nary aneroids. 

AN KLECTRIC PAPER WEIGHT. 

The paper weight herewith illustrated is a reproduc- 
tion, under an industrial form, by Mr. Trouve, of a 
toy that was brought out ten years ago. It consists of 
an electric motor of simple form that gives seeming 
life to artificial birds, insects, ete., placed under a 
plano-convex lens, the whole resting upon a base that 
contains an electric generator. This latter consists 
of a hydrochlorate of ammonia or moist sulphate of 
copper pile inclosed in a hermetically closed ebovite 
receptacle. When the weight (No. 3) is placed upon 
its base (No. 2), a communication between the two is 
at once established through the intermedium of metal- 
lie Poo that project slightly from the The 
bird or insect flaps its wings and produces a peculiar 
rustling sound that in a certain measure gives the 
illusion of life. When the paper weight is removed 
from its base, all motion ceases. 

it is said that a certain very sensitive lady accused 


account in a very ingenious manner. 
he makes use of a lamp shade upon 
suall wheel of light and delicate structure 
with vanes. The air imprisoned by the sh 


eseape only by passing through the vanes of the wheel, 
and the latter. is thus revolved with more or less speed, 
according to the nature of the lamp employed. 
external part of the wheel is glued a trans 


A NOVEL LAMP SHADE. 


painted in different colors. Cardboard disks provided 
with open-work designs of various patterns are placed, 
one after another, on small hooks arranged above the 
wheel, and the colored radial bands then produce 
figures that have a most charming effect. 

In the engraving, Fig. 1 represents the wheel in mo 
tion, and Fig. 2 at rest. Fig. 3 shows the details of the 
wheel. Fig. 4represents the open-work disks, and Figs. 
5 and 6 the caps for quickening the draught. 


THE MUSICAL PAPER CUTTER. 


One of our readers, Mr. L’Esprit, communicates an 
interesting acoustic experiment on the subject of the 
vibration of rods. A simple paper cutter suffices to 
perform it with. Our correspondent has been obligin 
enough to send us a Japanese paper cutter prepare 
by him, and which we reproduce accurately in our 
figure. Mr. L'Esprit writes as follows: “ By means 
of a paper cutter strack against a hollow piece of furni- 
ture (the angle of a desk for example), one can produce 
all the sounds of the gamut. The place where it is 
necessary to strike in order to obtain the desired sound 
can be ascertained by experiment, and various airs 
can be easily played with this primitive instrument. 
I send herewith a cheap paper cutter on which I have 
marked the notes that it produces on striking. As it 
is necessary that the vibrating rod shall always have 
the same length, I have marked with a pen, above 














the hole, the place where the paper cutter should be 


To this effect, 
which he mounts a 

rovided 
ie, which 
to this effect is provided with a cap (Figs. 5 and 6), can 


To the 
nt sheet 
of paper, carrying, in the direction of the radii, bands 


brevity, as well as other considerations, } oak a 
avoid any attempt to criticise the article ‘referred toe 
detail, or to ag out its specific errors, and | 
confine myself to the statement of a few points, 
some references to reliable treatises on the general sub. 
ject concerned, leaving the reader to apply the tacts 
and su tions to the matter in hand. 

The fundamental doctrines of religion, such as th, 
of immortality, the existence of a divine ruler of the 
universe, and the moral responsibility of man, in 
the nature of things, neither be established not refuted 
by Lpevaeat science, 

e two subjects are more utterly unrelated than 
those of chemistry and mathematics, and it would not 
be more unreasonable to say that the principles of ap. 
alytical geometry had been rendered doubtful by the 
developments of modern chemistry than it would 
to say that the foundations of religious doctrine haye 
been undermined by the developments of physica) 
science. 

All that physical science can do either for or 
religion is, at most, to furnish, or not to furnish, indirect 
and collateral support, in the shape of analogies ang 
parallels between the facts and laws of the ph 
universe and what religion teaches about the attributes 
of the divine ruler; or to supply us with suggestions 
and indications which may in a general way make for 
or against the doctrine of immortality and of moral pe. 
sponsibility. 

In either case, however, such analogies, porated 
suggestions, and indications can neither establish nor 
refute the doctrines of religion ; so that we see, at the 
very outset, that theology has nothing to fear from ap 
possible development of physical science, nor haye jp. 
telligent theologians, so far as I have observed, ever 
a or exhibited any such fear. 

assing, however, from this general and preliminary 
consideration, let us inquire whether the modern de- 
velopments of physical science, so far as they bear up. 
on the subject, tend to support the fundamental doe- 
trines of religion, or the reverse. 

To answer this question fally would require vastly 
more space and time than can be here devoted to that 
purpose, and I must therefore confine myself toa few 
words by way of suggestion, and refer my readers to 
standard works, where the subject has been adequately 
treated. 

If we make ourselves familiar with the most modern 
theories as to the constitution of matter and the nature 
of forces (these being the groundwork of the material 
universe, and including the entire range of physical 
science), we shall find that all theories as to the consti- 
tution of matter lead us to the assumption of super 
material existences (such as the frictionless incompress- 
ible fluid of Sir Wm. Thomson’s “vortex atoms”), 
which carry us away from the conditions of gross 
matter and lead us to the contemplation of a super- 
material and imperishable universe, co-existing and 
interpenetrating the visible and tangible universe of 
matter, and indeed furnishing an immaterial and im- 
perishable eutity of which the material universe is only 
a condition or function. 

The bearing of this upon the subject of immortality 
and of spiritual existences I cannot here develop, but 
must refer my readers to the remarkable work by Clerk 
Maxwell and P. G. Tait, entitled, ‘‘ The Unseen Uni- 
verse, or Physical Speculations on a Future State,” 
where this subject is — developed by these very 
eminent physicists, who, in this work, show that the 
reasonable deductions from the most modern theories 
concerning matter and force are in accord with a belief 
in a future state, the existence of spiritual beings, and 
the rule of a divine providence. 

I may mention in passing that the key note of this 
book is a passage from Dr. Thos. Young, quoted in the 
last number of the Jndicator, and there charact 
as “absurd.” It is also quoted in full in this book and 





is characterized by these eminent living physicists as 








AN ELECTRIC PAPER WEIGHT. 


Mr, Trouve of cruelty, thinking that he had imprison- 
ed a butterfly alive to let it die of hunger. 


A NOVEL LAMP SHADE. 


Heating and illuminating apparatus induce a vertical 
current of air flowing upward, the heated air constant- 
ly tending to occupy the upper part of the room. This 


movement may be utilized for actuating small and| 
light apparatus suspended from a wire or resting upon | 
the point of a needie. We have often seen specimens | 
of these little devices arranged overa stove by the! 


—_— in order to obtain the sounds indicated on the 
ge. 





THE TRUE RELATION OF PHYSICAL SCIENCE 
TO RELIGION. 


By Henry Morton, President of Stevens Institute 
of Technology, ete. 


ALTHOUGH it is entirely wy opinion that the Stevens 
Indicator cannot afford space for the adequate discus 


employes in the offites of the Paris Ownibus Company, | sion of so large and important a subject as the relations 
Some of these devices were quite ingenious, and moved | of religion to physical science, yet, in view of the fact 


the arms and legs of grotesque 


to be placed above lamp chimneys. 


»aper figures. Every | that many pages of the last nuur 
‘one, too, knows the small tien helix that is designed 4 


r have been occupied 
by an essay on this subject, containing, in my opinion, 


It is more diffi- | a namber of mistakes as to facts and conclusions, and 


cult to utilize the current of air that circulates against | likely to mislead readers unfamiliar with the matters 
a lamp chimney, the heating being quite feeble at this | referred to, I feel ita duty to offera very brief state- 


place, and the current being consequently less 
ful. A skillful lamp shade mangfacturer, Mr. 


wer-| ment of certain facts which may put readers of the 
fau- | Indicator on their guard and so tend 


to the mn 


cheux, has nevertheless succeeded in turning it to| or prevention of erroneous impressions. My desire for 








THE MUSICAL PAPER CUTTER. 


“this most beautiful and comprehensive passage.” 
It is hardly necessary to say that the writer in this 
journal quite misunderstood the passage in question, 
which by no means implies that matter by attenuation 
may become spirit, but does mean that there are know# 
to physical science various existences, such as the 80 
called ‘electric fluids,” the ‘‘laminiferous ether, 
the causes (whatever they may be) of gravitation 
other forces, and the like, all of which radically differ 
from matter and form an ascending series in their super 
waterial qualities, which naturally leads us on tow 

a final term which may well be a spiritual and iur 
mortal essence. 

In the second place, directing our attention to fore® 
which, as before pointed out, is the other factor wh 
with matter, makes up the pliysical universe, let us 
amine all that modern physics, from the time of Ne¥ 
ton down, has done toward the explanation of the B® 
ture of vitation, the most familiar of the forces. 

In this stady we are struck by two things. 
the entire failure to produce any theory which ca® 
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t of close analysis. A great number of the 
eet i ano and physicists, such as 
Faraday, Se uin, Lame, Challis, Tait, Croll, Guthrie, 
Maxwell, have worked on this problem with the 
result of disproving each other's or their own earlier 
sole without any success in evolving a single hy- 
which will account consistently for the vari- 
facts as to gravitation and its actions known to all. 
“A fact these efforts 3 4 confirm the prevision of La 
who says in his ‘‘ Mechanique Celeste”: “* The 
of that singular modification by means of which 
pody is transported from one place to another is 
. w and always Will be unknown. It is denoted by the 
- e of force.” The second striking feature of these 
investigations and discussions is that they bring prom- 
jnently before us certain characteristics of this force 
which are very suggestive in the present connection. 
us we know that gravitation acts instantly and al- 
ways in all parts of the universe, or is omnipresent. It 
jg also instantly conscious of all chan of configura- 
tion among the bodies concerned, without any loss of 
time (as occurs with light) in the transmission of its in- 
We see astar, not where it és, but where it 
was when the light left it; but gravity draws the star 
where it is and not from where it seems tobe. In 
view of this, we might well say that gravitation was 
omniscient. Andin like manner, beholding it as the 
unexhausted controller of the infinite stars and planets, 
suns and systems of the universe, may we not well 
call it omnipotent, and likewise eternal ? 

Having in view the seemingly unfathomable mystery 
ofits nature and these above mentioned characteris- 
ties, are we not*almost necessarily led to the theistic 
yiew which regards it and all other forces as manifesta- 
tions of the divine will, which, having created the 
aniverse, thereafter sustains it with such an all-pervad- 
ing influence that, without his knowledge, ** not a spar- 
row falls,” and ‘“‘in whom we live and move and have 
our being,” and not we only, but the whole universe ? 

What I have said above on this subject is but the 
most meager suggestion of what might be said, and I 
will not attempt to develop it further here, but only 
refer to an admirable Paper on “‘ Kinetic Theories of 
Gravitation,” by W. B. Taylor, in the Smithsonian re- 

s for 1876, where the greater part of this matter is 
most ably treated. 

Enough has been said, I think, to show that physi- 
eal science is at least in no position of antagonism to 
religion and theology, and I would only further recom- 
mend to the attention of all the work entitled ‘‘ Lessons 
fron Nature,” by St. George Mivart, Ph.D., F.Z.8..ete., 
Prof. of Biology at the University College, Kensington, 
and Lecturer of Zoology and Comparative Anatomy at 
St. Mary’s Hospital, London ; published by D. Apple- 
ton & Co., New York. Also a little book sold for 25 
cents, but admirabl tten up, with good print and 

per, entitled, ‘‘Scientific Sophisms,” by Samuel 

ainwright, D.D., published by Funk & agnalls, 
New York.—Stevens Indicator. 





LONDON SEWAGE. 


On July 2+, a party of members of the Society of 
Engineers were enabled to examine the new pre- 
cipitation works at Barking Sewage Outfall, con- 
structed by the Metropolitan Board of Works. At the 
present time the whole of the sewage of the metropolis 
north of the Thames is conveyed to Barking Greck Sy 
three culverts, each 9 feet high by 9 feet wide, and is, 
in the first instance, delivered into a covered reservoir, 
divided into four compartments, and altogether ex- 
tending over an area of 9 acres. The sewage is stored 
in this reservoir during eight hours of each tide, and 
discharged into the river at high water at the top of 
theebb. This reservoir is situate on the east side of 
the sewer, and immediately adjacent to the river bank. 

The new works consist of covered precipitation tanks 
adjacent to this reservoir on its north side, and occupy- 
ing the ground between the outfall sewer and Barkin 
Creek, an area of between 10 and 11 acres. There will 
be thirteen of such tanks, each 31 feet 6 inches wide, 
and averaging about 1,000 feet long. Communications 
will be made between the outfali sewer and each of 
these tanks, each fitted with two penstocks, so that 
communication may be opened or shut off at pleasure. 
_ The sewage will be admitted into each of the tanks 
in succession, and after being allowed to remain quies- 
cent for a sufficient time to admit of the deposit of the 
solids in the sewage, the precipitation of which will be 
expedited by the admixture of 3°7 grains of lime and 1 
grain of proto-sulphate of iron per gallon, the effluent 
will be run off over a weir, which will fall as the water 
in the tank lowers, so that the top film of the effluent 
only will be taken off, and the tank emptied gradually. 
sas to prevent any disturbance of the solids by the 
operation. 

The effluent, after flowing over the weirs (of which 
there will be ten in each tank), will pass.into culverts 
carried transversely under the tanks and extended,some 
into the compartments of the existing reservoir, and 
some into a chamber under the outfall sewer through 
Which, at present, the sewage is discharged into the 
river from the existing reservoirs. When the level of 
tlie tide will admit, the effluent will be discharged 
through this chamber direct into the river; bat when 
the water in the river is too high to admit of this, the 
effluent will be conveyed by the other eulverts into the 
several compartments of the present reservoir, and 
stored there until the level of the water in the river 
Will admit of its discharge. 
awten each comeereneah is emptied of the effluent the 
omse, which will be in a semi-liquid state, will be dis- 

i through culverts passing under the outfall 
sewers into a collecting culvert, from which it will be 
conveyed by pipes into a receiving well or sump, and 
aed into a series of twelve tanks placed side by 
ide, and situate between the outfall sewer and the 
Peo These tanks will each bg 20 feet wide and 140 
a long, will cover an area of over an acre and a half, 
reac like the precipitation tanks, will be covered so as 

revent nuisance. The sludge will be allowed to re- 
quiescent in them, to allow of a further -precipi- 
‘ition, and the effluent water will be discharged over 
ane into a culvert which will convey it into a store 
erthe tanks, from whence it will be lifted and dis- 

be through pipes to the liming station, there to 
mixed with lime which is used for ipitation. 
Settled sludge remaining after this further precipi- 


varying 


and conveyed by along a jetty, and to a landi 

stage to te pence I a the river, there Gashenenl 
into ships which will convey the slu tosea. In the 
event of the ships being detained by stress of weather, 
there is a further store for sludge at a lower level ex- 
tending under the whole of the area occupied by the 


u stores. 

On the north side of these sludge settling tanks will 
be erected engine and boiler houses and work shops in 
connection, to contain engines and machinery for lift- 
ing the sludge into the settling tanks, and the settled 
sludge into the ships, as well as for pumping the sludge 
effluent to the liming station. 

The lime for assisting the precipitation of the solids 
of the sewage is introduced into the outfall sewers at a 
point about 700 yards, and the proto-sulphate of iron 
about 530 yards above the precipitation channels. The 
liming station will comprise a lime store, floors for slak- 
ing the lime, and six tanks for mixing the slaked lime 
with the effluent water from the slu settling tanks, 
or with sewage taken direct from the outfall sewers ; 
an elevated lime water tank or reservoir built above 
the lime store, and into which the lime water will be 
lifted by pumps, for which machinery and the requisite 
engine and boiler houses will be erected adjacent to the 
lime stores. From this elevated tank the lime water 
will be conveyed to and injected inte the sewage passing 
along the outfall sewers, through cast iron injectors 
placed in the sewers. There will be means of turning 
the lime water into any one of the three lines of sewers 
and of regulating the supply by means of sluice valves 
fitted to the pipes leading to the injectors. The inject- 
ors consist of cast iron chainbers 4 feet 6 inches in length, 
6 inches wide, and 6 feet in height, fitted with a number 
of nozzles, through which the lime water will be in- 
jected and mixed with the sewage as it flows past. 

The iron water station comprises timber sheds for 
storing the proto-sulphate of iron, a mixing shed in 
which the iron will be crushed and mixed with water, 
an engine shed to contain engines and machinery for 
crushing the iron and mixing it with water, as well as 
for raising water for boilers and into mixing tanks. 
The iron water will be conveyed by stone ware pipes, 
earried underground and along the top of the outfall 
sewer into a service tank, from which it will be carried 
by pi into each of the three outfall sewers, and in- 
jected into the sewage through perforations ina pipe 
fixed vertically in each of the sewers. As with the 
jlime water, there will be appliances for regulating the 
supply of iron water to each of the sewers, to meet the 
uirements of the discharge. 

There will be a large settling pond, cnanog an area 
of 144 acres, situate near the river, divided into six 
compartments, each 60 feet by 60 feet, and about 7 feet 
deep, into which water will be received from the river 
and allowed to settle; the clear water being afterward 
filtered and used for the supply of the several boilers, 
for slaking the lime, and for mixing with the proto- 
sulphate of iron. 

he jetty, which will extend 576 feet into the river 
from the present river bank, will be 15 feet wide, and 
will be a timber structure gegen upon piles. At 
the river end of the jetty will be a timber landing stage 
300 feet in length and 20 feet wide. 

The iron pipes for conveying the sludge to the ships 
will be carried under the platform, and will be fur- 
nished at the end with a delivery pipe, socketed to ad- 
mit of a vertical movement, so as to discharge the 
sludge into the ship at varying levels of the tide. A 
tramway will be laid along the full length of the jetty 
connecting it with the whole of the works. 

The contract for the works includes the erection of 
twelve cottages and a residence for the superintendent, 
and the diversion of the Old Galleons sluice and ditch, 
which is one of the main sewers under the jurisdiction 
of the Essex commissioners of sewers. There will be 
a large quantity of surplus earth from the excavations 
which will be used in forming the banks for the tram- 
ways, and in raising the general level of the ground, 
which is now 6 or 7 feet below the level of Trinity high 
water. The works extend over an area of about 50 
acres, the quantity of sewage to be dealt with will 
amount to about 90,000,000 gallons per day, and the 
ey of lime to be used in precipitation to 23 tons 
per day. 

Two contracts have been entered into for the execu- 
tion of the works—one with Messrs. Mowlem & Co., for 
the general work, for 406,000/., and the other with the 
Glenfield Company. of Kilmarnock, for engines and 
machinery, for 42,5671.—The Architect. 








[Scrence.] 
THE HEMENWAY-CUSHING EXPEDITION. 


Mr. FRANK H. CusHInG, whose wonderful discover- 
ies in regard to the customs and religion of the Zuni 
Indians, made during his residence among this remark- 
able people, are recognized as the most valuable of 
recent additions to American ethnologic knowledge, 
has spent the past winter and spring, as nay be known 
to many readers of Science, in Arizona, making explora- 
tions of extensive ancient ruins there. The expenses 
of this expedition, which is well equipped, are paid by 
Mrs. Hemenway of Boston, the lady who has lately 
shown such substantial interest in Mr. Cashing’s work. 
That gentleman had reached a point in his studies of 
the Zunis that, in order to pursue them further, it 
seemed necessary to attempt to trace their history back 
to the beginning by an examination of the ruined cities 
and tewples in which their ancestors lived and wor- 
shiped. This is the object of Mr. Cushing’s recent 
work. Attached to this ex ition, during the t 
winter and epring. was Dr. James L. Wortman, of the 
femey Medical Museum, who has recently returned to 
Washiugton. His mission was chiefly that of an 
anatomist engaged in anthropological work. The 
medical museum has been engaged for several years in 
the collection of human skeletons for the pu of 
comparison, and the net result of Dr. Wortman’s labors 
during the past winter and spring has been the secur- 
ing of about one hundred complete -skeletons, the 
skulls of which are in a good state of prese 


- 


although the rest of the bones are more or less imper- 
fect. The following brief descri has been made 
up from an interview with Dr. Wortman. 

' seene of Mr. Cushing’s explorations is the wide 
valley or plain at the confluence of the Salt and Gila 
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Still a wide expanse of the plain, which is forty-five 
miles across, remains a desert covered with sage brush, 
cactus, and mesquite. It slopes from the Salt to the 
Gila river, and advantage was taken of this feature of 
its topography by the ancient people in constructing 
canals to irrigate the whole plain. In some places 
these old canals have been reopened by the modern 
farmers, and restored to their original use. On this 
wide plain are many groups of mounds, in excavating 
which Mr. Cushing has discovered many ancient cities, 
to some of wh he has given the names of Los 
Muertos, Los Hornos, Los Guanacas, Los Pueblitas; 
Los Acequias, ete. Los Muertos, the city of the dead, 
has been traced for three or four miles, and forty or 
fifty huge structures or communal houses in it have 
been examin 

In the ruins of these structures, Dr. Wortman says, 
the greater part of the specimens have been found. 
The honses are rather large, 300 or 400 feet long and 
200 feet wide, possibly larger. They were generally 
built of adobe bricks, sun dried, without straw or mix- 
ture of cement of any kind. In some instances, Mr. 
Cushing thinks, they were four or five stories high, but 
this can only be conjectured from the size of the 
mounds, the thickness of the walls, and the quantity 
of the debris. All that now remain are the foundation 
walls, and around and within them the debris. .These 
houses seem to have been constructed on the same 
plan as the pueblos of the Zunis, the Moquis, and other 
existing pueblos. In Casa Grande a cement is found 
to have nm used on the outside and inside of the 
structure. The builders were probably acquainted, as 
the Aztecs were, with some sort of cement, which they 
used to protect their structure from the weather. 
In some instances it was found that instead of 
building with adobe bricks, upright posts had been 
set > The space between was wattled with cane 
or willow, and then filled with adobe. The wood- 
work has entirely disappeared, there being nothing 
left of it except occasional bits of charred wood. The 
post holes are still there, and show the manner of con- 
struction. 

The dead were buried in the houses. Below the 
floor of the house a vault was dug, and the body, first 
yy in cloths of s~me description, was deposited 
in this sepulcher. Then the grave was filled with 
adobe, which was packed around the body. Food 
vessels and water jars were also buried with the dead. 
With the body of a man of consequence, war clubs, 
images of various kinds, arrows, and other articles 
were also interred, but, of course, only the most im- 

rishable remain. Sometimes two or three bodies 

ve been found in the same sepulcher, and it is 
believed that where two are found in one grave they 
were man and wife. The skeletons are not well pre- 
served, and crumble after a few hours’ exposure to the 
air. The bodies were wrapped in cotton cloths, as is 
shown by the impressions leY in the adobe, or mud, 
which was soft when it was first packed around them. 
In some instances the fragwetts of cloth have been 
found. It is rather fine texture, and the size of the 
cavities in which the skeletons are now found proves 
that the bodies must have been wrapped thickly, so 
that little or no moisture had access tothem. Such 
being the case, the condition of the bones, especially 
when the dryness of the climate of Arizona is consider- 
ed. indicates a great antiquity for these burial places. 

The tombs already descri seem to have been those 
of the priestly class. The bodies of the common peo- 
ple were cremated. In connection with each house 
supposed by Mr. Cushing to be the house of a clan or 
one of the sociological divisions, such as are found 
among the Pueblo Indians, was what the explorer calls 
a pyral mound. On this the bodies and effects of the 
dead were consigned to fire. This mound is eight toten 
feet high, and is composed entirely of the accumula- 
tions or debris resulting from these cremations. The 
ashes and charred bones of each body were collected 
and placed in an urn, which was buried at the foot of 
the mound from six inches toa foot below the surface. 
In some instances as many as 400 or 500 of these urns 
were found buried about a mound. 

Between forty and fifty of the large, or communal, 
houses were found in Los Muertos. In the center was 
a structure larger than the others, which Mr. Cushin 
called a temple. In this building, which was incl 
by a strong adobe wall, and in no other, were bodies 
found deposited in an upperstory. Here there were 
four or five adobe sarcopbagi, two of which were placed 
nearer the center of the building than the others, were 
more conspicuous, and contained what appeared from 
the skeletons to be the remains of men of advanced 
age. Mr. Cushing said that extra decorations were 
found on these two sarcophagi. It is supposed that 
this was the home of the chief ruler of the tribe, the 
chief priest, or some one of exceptional ndte. The ob- 
ject of the wall surrounding the structure was probably 
to make it a stronghold or citadel in time of war. The 
temple might also have served as a general store house 


for provisions, 
This ancient a all their houses on the 
main line of the i ting canal. This irrigating sys- 


tem was extensive. The many ditches and canals were 
constructed on a peculiar plan. A cross section shows 
a series of terraces. At the bottour is a central ditch, 
and above this, widening to the top, are terraces. The 
large canals are about twenty-five feet wide at the top, 
the central ditch being four or five feet wide. r. 
Cushing believes the eanals were used not only for 
srepnnen. but for navigation as well. ‘‘ We know,” 
said Dr. Wortman, ‘‘that the inhabitants of these 
towns used timbers of considerable size in their build- 
ing operations. The only available wood in the im- 
mediate vicinity was cottonwood or mesquite, which 
would not serve their purpose. They used pine, and 
the nearest point where they could get lumber of that 
deseription from was seventy-five or a hundred miles: 
away. Timbers of a size required by them in the con- 
struction of their buildings could not be carried such a. 
distanee on the backs of men. The conclusion is that 
they floated them down the Gila or Salt river. Cer- 
tain remains have been found indicating that they con- 
stracted of reeds rafts (or balsas) such as are found.in 
Mexieo and the South Sea Islands. Stones of consid.. 
erable size, not found on the plains, were taken to the 

from the mountains. It would have been im- 





towns 
practicable to have carried these stones such a distanee. 
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“To conduet water from one level to another in 
these canals was a gigantic undertaking, especial) 
when the character of the implements used is consid- 
ered, They had no tools except stone oues in making 
their excavations. A few copper implements were 
found, but metal was scarce. Copper was used for or- 
naments, earrings, and bells. There was not enough, 
it is supposed, to use for agricnitural implements. The 
irrigating system is sufficient in extent to render the 
whole extensive valley fertile. The beds of the canals 
were puddied. Soft wad was packed down well, and 
then barned or baked by filling the canal with brush 
and setting fire to it. When constructed this way the 
lining was almost as hard and impervious to water as 
terra-cotta pipes. They lost but little water, and the 
people were extremely economical of water. In some 
places large ditches terminated in great reservoirs. In 
these probably water was stored to be used in times of 
jew oy The longest irrigating diteh was omer | 
about twenty-five miles long. The river bas percepti- 
bly gone down in its bed since water was taken from it 
to fill these canals.” 

The theory that these towns were occupied succes- 
sively is disproved, Dr. Wortman thinks, by the fact 
that some towns are twenty-five miles from the river, 
and all the intervening space is covered with ruins. 
Canals were constructed from the river to the further- 
most town. If the towns were successively occupied, 
there would have been no necessity for taper 
these irrigating canals. The enormous labor expende 
with stone picks for excavating and baskets for carry- 
ing away dirt in extending these irrigating ditches to 
these distant points indicates plainly that all the land 
bet ween them and the river was occupied. 

Mr. Cushing's party found on the rocks of neighbor- 
ing mountains petrographs, or crude etchings. All 
illustrated matters of a realistic nature, and did not 
record the history of an individual or of a nation. 
They represented men offering prayers for rain, or 
herders or hunters offering sacrifices. These rock pic- 
tures are interesting, however, as bearing upon the 
question of the use of domestic animals by these people, 
and their probable acquaintance with the use of wool. 
In these petrographs appear representations of animals 
much like the llama of South America. They are rep- 
resented in a position or attitude that the llama habitu- 
ally assumes. They are sv pictured as to lead to the 
conclusion that they were domestic animals. They 
are connected with a string or cord, a man having hold 
of the string and appearing to be driving them. 

Mr. Cushing has also found in the ruins a number of 
terra cotta figures, representing various animals that 
were hunted—the mountain sheep, the deer, the fox, 
the coyote.’ [n one case a number of figures of animals 
corresponding in appearance with those pictured were 
found buried together. Mr. Cushing came to the con- 
clusion that these were a herder’s sacrifice. Instead of 
sacrificing the animals themselves he substituted the 
images. The animal represented undoubtedly resem- 
bles the llama. !t is quige different from the mountain 
sheep or any other animal corresponding in size, and 
has a long neck. If it is true that they possessed a 
domestic animal of this species, either, the people were 
of very great antiquity or there was a species of llama 
in North America at a much more recent date than sci- 
entific men suppose. It is a matter, too, of extraordi- 
nary interest and significance, if these people had the 
same domestic animal as that found among the Peru- 
vians when the Spaniards first came to this country. 
If they had such a domestic animal, they wsidoubtedty 
took its fleece for clothing, and had woolen as well as 
cotton fabrics. Some of the earlier Spanish explorers 
speak of woolen cloth in the possession of the Pueblo 
Indians. If there is truth in that, then it is more than 
probable that these people a domestic animal 
< the llama species probably as large as a good-sized 
sheep. 

These people had access to the Gulf of California. 
This is proved by the discovery of shells in the ruins 
which have been identified as belonging to the Pacific 
coast. Though at a considerable distance, they pro- 
bably had communication with the sea coast and ob- 
tained shells by bartering with other Indians. Of 
some of these shells skillfally carved ornaments are 
made. Mr. Cushing found a frog carved from a shell, 
the back being inlaid with turquoise. The inlaying 
had been done by cutting little square holes in the 
shell and fitting pieces of turquoise to them. A native 
species of lac was used in cementing the pieces. This 
lac was used also in basket work. They made carved 
bracelets, earrings, and finger rings, various orna- 
ments inlaid in the manner described. 

The petrographs did not throw much light on the 
manner of dress that prevailed, as they showed only 
the costume worn at certain ceremonials—a long gown 
extending down almost tc the feet. Near the skeleton 
of an old war.chief was found a fragment of a gown 
that must have been richly embroidered in various 
colors. It was badly decayed, but there was enough 
left to show that it was an embroidered garment. 

“The antiquity of these ruins is not settled,” said 
Dr. Wortman. “It has been maintained by respect- 
able authorities that these ruins were occapied within 
the historic period. I don’t think that can be ible. 
Historic evidence is decidediy against it. e have 
some records of the earliest Spanish explorers bearing 
on that point.” Dt. Wortman stopped here briefly to 
summarize the history of the explorations of Cabesa de 
Vaca, prior to 1580, and of his immediate successors, 
Father Nisa and Coronado. Coronado’s route, he 
said, to Casa Grande, could be easily traced. There 
he found the ruin now standing, and gave a descri 
tion of it by which it could be recognized to-day. “If 
it be true,” said the doctor, ‘that Casa Grande, or 
Chichillecato, the Red House, a ruin still standing 
three stories high, twenty-five or thirty miles frou Los 
Muertos, was in ruins when the Spaniards came there, 
as the records of Coronado’s expedition in 1540 plainly 
indicate, assuredly these houses that Mr. Cushing is 
excavating, now practically leveled to the ground, had 
disappeared long prior to that period. In all the exea- 
vations Mr. Cushing has made, in the thousands of 
specimens collected, not a single specimen has been 
found that would give evidence of contact with whites. 
My own opinion is that the ruins are pre-Columbian, 
and if I were going to give a guess I would | they are 
not less than a thousand years old. The size of the 

aite trees growing from the mounds indicates a 


. ‘Considering all the evidence,” said Dr, Wortman, 


‘*T have no doubt that when these ruined.towns were 
inbabited, this valley, many miles in extent, was a fer- 
tile region, oe by a thrifty people. raised 
cotton, corn, and tobacco. ents of cotton have 
been dag up, tobacco has been found in their sacred 
cigarettes, and charred corn cobs also remain to give 
evidence as to the agricultural products of the valley. 
As to the population, allowing even a greater number 
of acres to the man than is now cultivated by the Pima 
Indians, who, besides supplying their own wants, raise 
a large quantity of wheat to sell, allowing say from 
five to eight acres to a man, the population of the val- 
ley must have been at least 200,000. if, as I believe, all 
their towns were simultaneously occupied. There are 
evidences that the Zunis of to-day are a remnant of 


these people. 

“The osteol of the ple has not yet been 
thoroughly studied. The skeletons collected will be 
compared here at the Medical Museum, and the careful 
study of them will undoubtedly throw much light on 
the relations of these people to historic people. The 
heads were short, or, in other words, the people were 
brachy-cephalic. They were small in stature. The 
general indications are that they are. related to the 
Zunis, and they are not unlike the Aztees and Peruvi- 
ans. Among the skulls I have found frequently “the 
Inea bone or Os Inca, the extra bone in the back part 
of the skull, which received its name because it was a 
common thing among the Incas.. These indications, 
with other evdences, suggest many interesting inqui- 
ries. It may have been that from this ancient civiliza- 
tion sprang that of Central America and of the Peruvi- 
ans. A rtion of the people may have migrated 
south, taking the llama with, them, while others went 
north and founded the later Pueblo civilizations.” 
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